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FORWARD 
This report includes the results from a 
two year study in the Heber Valley to determine 
amounts of nutrients that are entering the 
groundwaters of the Heber Valley, and might 
ultimately enter Deer Creek Reservoir. Since 
Deer Creek Reservoir in Heber Valley, Utah 
supplies approximately 65 percent of the water 
distributed to Salt Lake County, the maintenance 
of its quality is of considerable importance. To 
maintain the quality of this reservoir and limit its 
eutrophication 'best management' practices for 
surface waters have been implemented gradually 
during the past decade in Heber Valley. These 
practices have significantly improved the 
qualities of surface streams flOWing into the 
reservoir. However, data for amounts of 
phosphorus and nitrogen in groundwater inflows 
to the reservoir are several times larger than 
predicted from 1967 data Concem has been 
VOiced that perhaps 'cleaning uP' the surface 
inflows by spreading treated sewage on land, 
retaining dairy wastes in lagoon, etc, have only 
delayed the arrival time of nutrients into Deer 
Creek ReservOir, and that their transmission 
through groundwaters into the reservoir will 
result in eutrophication unless other measures 
are implemented. 
To provide data for better understanding 
of the processes associated with soil sorption 
and transmission of chemicals (with a focus on 
phosphorous and nitrogen) into the saturated 
groundwater and ultimately into Deer Creek 
ReservOir, a three pronged research program 
was initiated by Utah State University during the 
Spring of 1989. This program consisted of: 
1. Installation of unsaturated zone 
(Vadose zone) samplers that extract water from 
the partially saturated soil at 6 sites (with two 
samplers at different depths at each site) within 
the land disposal area of the Heber Valley 
Special Service District (referred to as the 'sewer 
farm' hereafter), and adjacent to two liquid 
manure lagoons at dairy farms. 
2. Laboratory sorption studies on soil 
columns that were acquired in an undisturbed 
state from the 6 sites in the above 'sewer farm', 
and 
3. Development of computer solutions to 
estimate the transmission of nutrients through 
the unsaturated top soil into the groundwater. 
An earlier 1990 preliminary report 'Interim 
Report for Studies related to Nutrients Entering 
Groundwater from the Heber Valley Sewer Farm 
and Dairies' provided information related to the 
results of the laboratory sorption studies, and 
tentative results from the field studies based on 
the data collected during the summer of 1989. 
Since the field data given in the earlier report 
. covered only a portion of a year, and the study 
was continued for a second year that report is 
superceded by this report. This report provides 
the data collected over the two year period of 
the study, 1989-1990. Included in this report are 
field data obtained from the most critical spring 
period of 1990 when the surface soils receive the 
relatively large quantities of snow melt water. 
The 1990 water year was again a 'dry year' in 
which precipitation was considerably below 
normal. Thus the field collection period did not 
include a truly 'Wet condition' as will 
undoubtedly occur during years of above normal 
precipitation. Above normal rainfall did occur 
during the months of April and May, 1991. 
However this was not anticipated and the field 
samplers were unfortunately removed prior to 
these occurrences to allow more easy wori<ing of 
the farm area 
Since only a few copies of the above 
mentioned interim report were reproduced, this 
report duplicates the description of the field 
instrumentation, and the laboratory sorption 
studies. The data tables contained in that 
report have been updated to include field data 
from the second year through 1990. The results 
from the computer solutions that were contained 
in the interim report as Appendix A are not 
included herein, however. That report must be 
consulted for this detail. 
Field data collected from the first year 
indicated that larger quantities of nitrogen in the 
form of nitrate (N031 than phosphorus were 
11 
within the unsaturated surface soils of the farm 
irrigated by the treated sewage, and by the dairy 
lagoons. Based on this information an additional 
research program, or changing the emphasis of 
the research, was directed to studying the 
nitrogen cycle in the groundwater system of 
Heber Valley to determine if natural processes 
reduce the amount of N03- reaching Deer Creek 
Reservoir through the Heber Valley aquifers. 
More specifically the additional emphasis was 
directed to determine whether conditions exist 
that favor "denitrification' and the extent by which 
such process might be reducing the amounts of 
N03' input to Deer Creek Reservoir from the 
irrigated farm of the Heber Valley Special Service 
District, and two dairy lagoons. 
Denitrification is a process whereby bacteria 
transfer electrons from compounds, known as 
electron donors, to N03-, an electron acceptor. 
The end products of this reduction are gases of 
N20 and N2• both of which escape to the 
atmosphere and thus reduce the amount of 
nitrogen in the water. The results of this 
additional research will be reported in a 
forthcoming project report consisting ofthe Ph.D. 
dissertation by Scott F. Korom 'Denitrification in 
the Unconsolidated Deposits of the Heber Valley 
Aquifer.' This dissertation is being written in the 
format now allowed by Utah State University 
where different sections are designed as 
separate papers for submission to professional 
journals. Therefore the results of the 
denitrification phases of the research should also 
be available in future professional journal papers. 
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INTRODUCTION 
BACKGROUND 
Heber Valley, which is shown in Figure 1. 
is located southeast of Salt Lake City in Wasatch 
County, Utah. This valley is the principal source of 
the municipal, industrial, and agricultural water 
supply for the major populated areas" of the State 
of Utah along the Wasatch Mountain Front in Salt 
Lake Valley. Because of the mountains the snow 
melt run off exceeds the potential 
evapotranspiration, and these waters drain mainly 
into a man·made reservOir, the Deer Creek 
Reservoir (OCR), that is the source of the major 
water supply for Salt Lake City and other cities in 
the Salt Lake Valley. 
While some of the waters that supply OCR 
come from the Little Hobble Creek Drainage of 
Round Valley to the southeast of the reservoir, and 
some from the Wasatch Mountains to the west, the 
majority of the inflow is from the Provo River and 
other drainage areas to the northeast of the 
reservoir. These waters pass through Heber Valley 
where the potential impacts from man's activities 
are the greatest. 
A little information taken from the 
Hydrologic Atlas of Utah (Jeppson, et al.,196S) 
provides insight into the hydrology and climate of 
the area and these in tum point out why the 
activities in Heber Valley have a large impact on 
the qualities of the water in OCR. At Heber City the 
mean maximum temperature for January (which is 
generally the coldest month of the year) is 3~F 
(O°C). and the mean minimum temperature is 4°F 
(-17°C). During the month of July the mean 
maximum temperature is 84°F (29°C) and the 
mean minimum temperature is 46°F (SoC). 
Growing degree days are an arithmetic 
accumulation of daily mean temperatures above a 
certain threshold, or base, temperature. They are 
a simple means for defining potential plant growth, 
development and maturation in an area Above 
this base temperature plants grow, below it they do 
not. Generally accepted base temperatures for 
some common plants are: spring wheat· 38°F, 
canning peas • 40°F (4.4°C). oats· 43°F{6.1°C), 
potatoes· 4S0F{7.2°C). field com· SSOF{12.a°C). 
For Heber City the mean growing degree days 
above 400F{4.4°C) and the standard deviation of 
these values are compared with those at SLC 
below. Thus farming activities involving production 
Growing degree days based on a 400 r base on a 14 day 
interval 
Date H"her Cit.v !,:U' Difference 
, Mean St. Oev. Mean St. Dev. Mean 
3/1 I 2 4 10 25 -6 
3/15 I 7 9 25 20 -16 
3/29 I 17 13 44 23 -27 
4/12 \ 44 23 79 34 -35 4/26 53 27 69 32 -36 
5110 82 32 125 42 -43 
5/24 ; 107 I 25 155 35 -48 
6{7 i 124 I 25 180 35 -56 6/21 I 155 29 214 32 -59 
7/5 [178 i 19 247 22 -69 
I 
7/19 ,198 ! 16 266 20 I -70 
8/2 1169 
\ 
18 254 17 , -6S 
6/16 I 180 20 249 21 I -69 
6130 153 22 214 27 -61 
9/13 I 123 20 172 26 -49 
9/27 93 I 27 137 38 -44 l 10/11 61 I 20 102 25 -41 
110/25 32 \ 2S S6 34 
-26 
11/8 9 11+ 24 23 -15 
11/22 3 6 9 14 -6 
12/6 1 4 7 13 -s 
12/20 1 4 4 12 -3 
113 1 3 2 4 -1 
1/17 0 0 3 6 -3 
1/31 1 3 3 7 -2 
2/14 1 1 I 7 14 -6 
of alfalfa and grains occur in Heber Valley, but 
produce less than in Salt Lake Valley. The 
average frost free season for Heber City is 100 
days. On average 160 days occur in Salt Lake City 
from the last frost in the spring to the first frost in 
the fall. 
The normal annual precipitation in Heber 
City is 16 inches, 12 of which occur during the 
seven fall and winter months of October through 
April, and the remaining 4 inches during May 
through September. In the head water areas of the 
Provo River above Kamas the mean annual 
precipitation is 40 inches of which 26 inches occur 
during October-April. and 14 inches during May-
2 
September. These amounts are less than those in 
the head water areas of Little Cottonwood Canyon 
(where the largest accumulation of precipitation in 
the State of Utah occur). on the western slopes of 
the Wasatch Mountains where the normal annual 
precipitation is 60 inches (50" from Oct.-Apr. and 
10' from May-Sept.) 
The annual potential evapotranspiration for 
Heber Valley is 21 inches and. therefore during the 
average year there is little runoff (perhaps a couple 
of inches) from the valley area into the streams and 
rivers. However, in the head water area of the 
Provo River the normal annual water yield is 25 
inches. For example the drainage area of the 
USGS river gaging station on the Provo River near 
Kamas, which is above diversions, and therefore 
this record gives the water yield from its 25 square 
mile area shows the following average monthly 
(and annual) values of water yield. 
area of Provo 
Deer Creek Reservoir supplies 
approximately 65 percent of the water distributed to 
Salt Lake County. It also supports recreational 
activities, including water skiing. boating. and other 
outdoor activities. Since Heber Valley is only a 
short drive from Salt Lake City, it is one of the 
principal areas used by the people of Utah, and 
surrounding states for these recreational types of 
activities. Tourism is important, and becoming 
more important to the local economy of the Heber 
Valley, but dairy farms. and other agricultural 
activities have been and still are major sources of 
income for the residents of Heber City. the largest 
city in Heber Valley. and the other communities in 
the valley. Another major dam, the Jordanelle 
Dam, will soon be completed on the Provo River, 
just upstream, and to the north of Heber City. 
Therefore, major concerns have existed for many 
years in maintaining excellent water qualities in 
Deer Creek Reservoir. This concern for 
maintenance of water qualities has created 
hardships on many of the residents of the Heber 
Valley. 
During the last decade beat management 
practices have been gradually implemented in the 
Heber Valley to maintain and enhance the qualities 
of water that flows into Deer Creek Reservoir and 
prevent its eutrophication. Implementation ofthese 
practices have concentrated on preventing 
contaminants from entering the surface streams 
that empty into the Deer Creek Reservoir. The 
Heber Valley Special Service District was created. 
to collect and treat the wastewater (i.e. sewage) 
from the Cities of Heber and Midway, Utah, and 
likely in the future also the wastewater from the 
community of Charleston. This facility, (see Figure 
2) that will be referred to as the sewer farm 
throughout this report, consists of a sewage 
collection system, a sewage treatment plant 
designed to treat 2.5 million gallons of wastewater 
a day, large ponds to retain the treated water 
during the winter, and a 369 acre farmed area 
where the treated sewage is used for irrigation 
during the summer. The capital cost of these 
facilities is approximately $14 million (75 percent of 
most cost, and 85% of some costs, were provided 
by a grant from the Environmental Protection 
Agency). Dairy farmers, and others have been 
required to construct and maintain liquid manure 
lagoons at their dairy farms to retain on site the 
nutrients in these wastes rather than permitting 
these to discharge into the surface streams as had 
often occurred in the past. When this program of 
'cleaning up the surface inflows into the streams 
and rivers of Heber Valley' began 27 diary farms 
and feed lots were originally identified as needing 
some form of 'clean up', and of these 19 have had 
some means implemented. OVer the years this 
program, for preventing contaminants from entering 
the surface streams, has cost approximately $20 
million. 
These practices have Significantly improved 
the qualities of surface streams flowing into the 
reservoir. However, recent data for amounts of 
phosphorus and nitrogen in groundwater inflows to 
the reservoir are several times larger than predicted 
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from 1 967 data. Thus concern has been voiced 
that perhaps ·cleaning up· the surface streams, by 
spreading treated sewage on land, retaining dairy 
wastes in lagoon, etc., have possibly only diverted 
the harmful nutrients to groundwater, and thus only 
delayed their arrival time into Deer Creek Reservoir. 
If this is the case then their transmission through 
groundwater recharge into the reservoir might 
ultimately result in eutrophication of this vital water 
resource unless other measures are implemented. 
DESCRIPTION OF THE PROJECT 
This research project was designed to help 
answer the questions regarding the amounts of 
harmful nutrients. principally phosphorus and 
nitrogen. that may be entering the groundwaters of 
the Heber Valley. Resources available for the 
study did not permit all possible sources from 
which these two nutrients may be entering the 
groundwater system to be included. Rather the 
Heber Valley Special Service District Land 
application site (hereafter referred to as the sewer 
farm). and two dairy lagoons were selected for 
study. One of the dairy lagoon is at the Claude 
Hicken farm located in Heber City. Approximately 
200 cows are milked at this dairy, and the liquid 
wastes from these animals plus other young stock 
are diverted into this small lagoon. This lagoon is 
being improved, perhaps in part because of 
information obtained during this study. The other 
dairy lagoon selected for instrumentation is at the 
Price dairy near Charleston. The Price dairy is 
located in an areas where the surface soils have a 
smaller hydraulic conductivity than those in the 
Heber City area, but a higher water table. Snake 
Creek flows by this dairy, and prior to construction 
of the dairy lagoon and its associated facilities, 
much of the liquid wastes from the dairy found their 
way into this creek. This direct discharge into 
Snake Creek was to be prevented by directing the 
liquid wastes into the lagoon. A small concrete 
retention basin exists downhill from the lagoon for 
containment of overflows from the lagoon. The 
design of these facilities calls for any wastes that 
are collected in the retention basin to be pumped 
into a honey wagon and applied to the farmed 
land. In practice liquid from the lagoon overflows 
unto the field just south of it, at least during the 
1989 summer period of the study, and supported 
the growth of a heavy crop of weeds near the 
banks and planted· crops in the field. The liquid 
wastes flowing out of the lagoon are retained on 
the land in this manner, however. 
In planning this project a three pronged 
approach was used: First, data was to be 
acquired from the field; second, undisturbed soil 
columns were to be taken from the field to the 
laboratory in order to perform sorption studies to 
determine the potential for the upper two feet of 
surface soil to adsorb harmful nutrients; third, 
computer modelling was to complement the 
findings, and data acquired from the above two in 
order to make estimates of nutrients that may be 
entering Deer Creek Reservoir through the 
groundwater system. Each of these separate 
phases of the project are described in subsequent 
sections in greater detail. 
The field collection portion of the project 
consisted of installing soil water collection devices 
that could obtain water samples from the 
unsaturated soil in which soil water exists under 
tenSions, i.e. negative pressures. These are called 
vadose-zone samplers. Vadose-zone samplers 
were installed during the spring months April and 
May, 1989, and water samples from them were 
collected starting about two weeks after their 
installation. It required a months times to install 
these samplers. Data have been collected from 
these samplers through December 1990, and 4 
samplers through April 1991. 
Field data Collection at Sewer Farm 
Within the area farmed by the Special Service 
District, which was all planted in alfalfa hay at the 
time of installation of the vadose samplers, six 
separate sites were selected for instrumentation .. 
These sites are identified on Figure 3. At each of 
these sites the following have been done: 
1. Installation of soil water samplers 
designed to extract water within the unsaturated 
zone as it passes downward through the porous 
material toward the groundwater system have been 
accomplished. These Vadose-zone samplers were 
acquired from Soil Moisture Equipment 
Corporation. P.O. Box 30025. Santa Barbara, CA 
93105 and are their model 1900 (see description 
below). Table 1 contains the dates when these 
samplers were installed. and the depth below the 
surface from which the samples are extracted. At 
each site two samplers were installed at two 
different depths. (as practical considering that 
cobbles were encountered at a depth of 1 1/2 feet, 
or less), because of concerns that there might well 
be a number of these that may not function 
properly because of the cobbly material. Six 
separate sites within the sewer farm were selected 
so that all parts of the farm would be sampled. 
These samplers extract soil water by placing a 
vacuum within the sampler tube with a small hand 
pump. The hand pump creates a vacuum of 
about 250 mm of mercury or approximately 1/3 of 
an atmosphere of tension within the samplers. The 
collection of liquid samples taken from these field 
installed vadose-zone samplers began April 21 and 
has continued on a bi weekly basis. or monthly 
basis thereafter through December, 1990. During 
the winter 1989-1990 samples were not obtained 
from the sewer farm, but the sites were visited 
occasionally. During these winter months the top 
soil was frozen and the sewer farm samplers 
collected no water. The samplers adjacent to the 
dairy lagoons did collect samples throughout the 
year. 
The liquid samples have been analyzed for 
nutrients by the Utah State Department of Health 
Laboratory, 44 Medical Drive, Oust west of the 
University of Utah Medical Center), Salt Lake City. 
The assumption is made that there will be 
no significant amount of adsorption or desorption 
of the percolating liquid after it gets into the 
material whose composition is primarily rock of inch 
size and larger. This cobbly material exists 
underneath about 1 1/2 foot of top soil throughout 
the entire area of the sewer farm, and also is the 
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material beneath the surface at the Hicken Dairy. 
A much greater depth of soil exists in the area of 
the Price Dairy. 
2. Undistributed columns of the soil to a 
depth of approximately 1 1/2 feet and 6 inches in 
diameter have been obtained from each of these 
six sites and have been taken to the Utah Water 
Research Laboratory at Utah State University to 
perform experimental sorption studies to determine 
the ability of the materials to retain the nutrients 
added to the surface. These columns represent 
undisturbed cores of the material to a depth of 
approximately 18 inches. They were obtained by 
pounding and working 6 inch diameter PVC pipes 
into the soil. As resistance to the vertical 
movement of the pipe cylinders was encountered 
the rocks around the outside of the pipe were 
removed by hand. The soil below the bottom of 
the pipes was cut with a hand shovel and the pipe 
containing the core removed. The bottom of the 
columns were fitted with a PVC cap filled with a 
fine sand. The sand was used to prevent settling 
of the soil in the columns. In the center of these 
caps there is a tapped hole that is used to drain 
the percolating liquid. These laboratory 
experiments began the first of May 1989 using the 
same creek water that is being used to irrigate the 
sewer farm area during the spring. Later in the 
season when the farm used the water from the 
treatment plant's retention ponds, this same treated 
sewerage water was used to leach the laboratory 
cores. No attempt was made to maintain the alfalfa 
growing in the columns. 
3. Two separate grab samples of top soil 
were obtained from each of the six sites on the 
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Table 1. Installation of Vadose Samplers in Heber Valley. 
I Site Date of Depth from which Location 
No. Installation sample are extracted 
1 April 21 14.4" & 30" Sewer Farm, Pivot No. 2 
2 April 12 12.0" & 30" " " Pivot No. 1&3 
3 April 8 12.0" & 36" " " Pivot No. 4 
4 April 12 15.0" & 30" " " Pivot No. 1 
5 April 12 12.0" & 30" " " Pivot No. 1 
6 April 12 18.0" & 18.0" 11 " n Pivot No. 3 
Heber C. May 2 30.0" & 48.0" 7.1 Hicken Dairy Lagoon 
Charles. May 5 17.0", 54" & 90n~1 Price Dairy Lagoon 
11 At this Site extreme resistance was encountered at approximately the 12-15" depth. and it was not practical 
to get one of the samplers at a depth of 30" as was done at the other sites. Several other holes were tried in 
the immediate vicinity, but it appeared that larger than usual cobbles existed here so that penetration was 
about the same as boring through solid rock. 
Y The samplers at the Hicken dairy were located immediately west of the lagoon approximately 2 feet away 
from the extreme outer level of the lagoon liquid. The samplers are approximately 4 feet apart. At the time 
of their installation the surface of the lagoon liquid was approximately 4 inches below the ground elevation 
where the samplers are installed. During the summer months the liquid surface elevation in the lagoon 
dropped approximately 3 inches. At their locations the porous cups of the samplers might be expected to be 
within the saturated phreatic surface produced by the lagoon. However. this is not the case. Even at the time 
of their installati9n the heads of the samplers were above (not within) saturated soil water. From observation 
of the soils taken from the holes in which the samplers were installed, it was damp, but not saturated, probably 
at about 70 % saturation at 3 - 4 ft depths, but the surface soils were at near this same water content. The 
location of the samplers at the Hicken Dairy Lagoon were on the public school side of a fence that separated 
the two properties. This area of the school property has a track and playing field west and south of the site 
of the samplers installation. This area is irrigated by sprinklers. and the water samples obtained from these 
vadose-zone samplers might be effected to an unknown extent by this applied water. From observations at 
times when the site was visited it appeared that irrigation water was applied for a short period but likely on a 
daily basis as is typical of playing field lawns. . . 
~I Three samplers were installed at the Price Dairy just south of Charleston. Two of these samplers (at the 17' 
and 90' depths) are located at a distance of approximately 15 feet away from the south-east end of the lagoon 
bank between the pond and a dairy shed. The ground elevation at this location is approximately 3 feet below 
the liquid level in the lagoon. At the time of installation the material removed from the holes in which the 
samplers were installed contained considerable quantities of dairy wastes, and became sticky because of the 
near complete saturation, and the large fraction of fine grained particles in the material. However, no water 
table was observed. One would have suspected that these samplers would have drawn large water samples; 
but this has not been the case. Generally only the deeper (90") has had much water in it, and then only half 
a bottle (500 ml). The third site for installation of the vadose samplers at the Price Dairy was on the west side 
of the pond, about 10 feet away from the lagoon liquid. This sampler has been dry. except on two occasions 
when a small amount of water (1" in the bottom of the sample bottle) was withdrawn. This sampler is the only 
one that has not retained it vacuum well. Its lack of being able to retain a vacuum is likely related to the soil, 
Le. material, near its porous cup. Evidently this dairy lagoon has sealed itself, at least around its outer edges. 
from large quantities of seepage. This observation is reinforced by the fact that whenever the site was visited 
during 1989 a small stream of liquid was flowing out of the pond onto the field (farmed area) just south thereof. 
A extremely heavy growth of weeds thrives in the area watered by the lagoon overflow during 1989, but the 
grain grown in the field did not survive in the area irrigated by the lagoon effluent. 
sewer farm for laboratory determinations of (1) 
their physical and (2) their chemical properties. For 
each of these separate determinations two sets of 
these samples have been obtained; one a 
composite of the material to a depth of about 1.5 ft 
and the other consisting of 4 separate samples 
taken at about 4 inch increments through the soil 
profile. 
Vadose-zone SOIL WATER SAMPLERS 
The vadose-zone soil water samplers that 
were installed are Model 1900 Soil Water Sampler 
fabricated by Soil Moisture Equipment Corporation. 
A schematic diagram of such a sampler is provided 
in Figure 4. They consist of a 2 inch diameter 
VADOSE ZONE SOIL qAIER SAMlLERS 
n 
F1~re 4. 
!lUll) ~ 
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Scheaat1c of vado.e zone 
ao11 vater sa.plera. 
plastic tube with a special hemispherical bottom 
ceramic cup as shown in the above sketch. The 
samplers are available in various lengths up to 6 
feet. The top of the sampler tube is equipped with 
a rubber stopper assembly that contains a glass 
insert onto which a small diameter neoprene tube 
is installed, and a pinch clamp can be applied to 
seal off the entry of air into the tube. To operate in 
an unsaturated soil, tension is applied to the 
neoprene tube with a vacuum pump. This negative 
pressure within the tube needs to be of a 
magnitude equal to or greater than the soil water 
tension at the end of the tube where the ceramic 
cup is. When this tension is sufficient, water is 
drawn in through the ceramic cup, and collects in 
the tube. In other words the vacuum within the 
sampler causes the soil moisture to move from the 
soil, through the porous ceramic cup, and into the 
sampler. The rate at which the soil water sample 
will collect within the sampler depends on the 
capillary conductivity of the SOil, the water tension 
in the soil, and the amount of vacuum that has 
been created within the sampler. In moist soils of 
good saturated hydraulic conductivities. near field 
capacity (10 to 30 centibars of soil water tension) 
substantial soil water samples can be collected 
within a few hours. Under more difficult conditions 
it may require several days to collect an adequate 
sample. For the samplers in this study, the 
collection times have been at least 2 weeks in 
duration. 
Soil Moisture Equipment Corporation 
reports that in very sandy soils very high vacuums 
applied to the soil water sampler seem to result in 
slower rates of collection of samples than lower 
applied vacuums. It is their belief that in these 
coarse, sandy soils, the high vacuum within the 
sampler depletes the soil water in the immediate 
vicinity of the porous cup, and hence reduces the 
capillary conductivity, which in tum creates a 
barrier to the flow of moisture to the cup under 
these circumstances. In the installation in the 
sewer farm, and at the Hicken Dairy the ceramic 
cup of the samplers are within a cobbly matrix of 
material, but there are also fines consisting of silt 
and sand size particles intersperse among the 
rock. When the samplers were installed a ·rock 
power" or very small but uniform grained material 
was placed in the bottom of the holes. as 
described in more detail later, into which the 
samplers heads were placed. It is believed this 
rock power provided a good contract between the 
soil water and the ceramic cup of the sampler. The 
hand vacuum pump creates a vacuum of 250 mm 
of Hg, and when the samplers were visited on two-
week or monthly intervals after the vacuums were 
applied. vacuums most generally still existed in the 
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samplers, as evidenced by the sucking that could 
be heard when the pinch clamp was released from 
the neoprene tube at the top of the samplers. In 
loams and gravelly clay loams, users of these 
samplers have reported collections of 300 to 500 
ml of solution over a period of a day when soils are 
at field capacity. The company reports that some 
users at waste water disposal sites have obtained 
up to 1500 ml of sample within a 24 hours period 
after cessation of irrigation with 1" to 2" waste water 
on the sandy or clay loam soil. Our experience in 
collection of soil water samples is explained in 
greater detail later, but a collection of as much as 
500 ml within a two week period was the exception, 
except at the Hicken Dairy, where generally at least 
a 500 ml sample was obtained within this time 
period. At other sites collection of 200 ml was 
considered good, and during the summer months 
of July, August and September often no soil water 
samples (not even a drop) were in the samplers 
even though vacuums still existed in the tubes at 
the time it was attempted to extract the water 
sample. The conclusion is that when no sample 
was collected the soil water tension was larger in 
magnitude than the largest tension that existed in 
the sampler during this time, since the samplers 
had collected samples earlier. This conclusion is 
reinforced by the fact that when the amount of 
water in the soil increased subsequently water was 
again collected. Also when the samplers were 
removed during March 1991 they appeared to be 
completely functional, and should be again 
useable. 
Soil Moisture Equipment indicates that no 
maintenance is required for the soil water samplers 
other than protecting the exposed end of the body 
tube and the stopper assembly from phYSical 
damage. This protection was provided by placing 
a larger diameter PVC pipe over the samplers and 
marking the sites where the samplers were 
installed by a square of 4, or a triangle of three, 
steel fence posts that had flags tied to them. The 
outer pipe provided protection to the end of the 
neoprene tube on the stopper assembly from 
debris and also shielded them from sunlight and 
the elements of nature. The tops of the samplers 
were maintained in the nearly "new" condition they 
had upon initial installation from visual 
observations. The duct tape on the top of the 
outer pipe did require period replacement, 
however, it deteriorated under the influence of the 
elements. Freezing conditions will not damage the 
samplers if frost should penetrate to the position of 
the ceramic cups. 
When the samplers were removed at the 
end of two years of installation their ceramic cups 
were clean with no indication of being clogged. 
The holes that retain the vadose-zone 
samplers were dug by hand with 3" auger, and or 
pounded into the cobbly zone with a special cutter 
that was designed and built for this purpose. This 
special cutter is described in the section of this 
report under Field Installation. After the holes 
were dug, a small amount of 200 mesh silica-sand 
(rock power). that is supplied by Soil Moisture 
Equipment Corporation for this purpose was 
poured into the bottom of the hole. The samplers 
were placed in this Silica-sand. and an additional 
amount of the 200 mesh silica-sand was poured in 
around the samplers to be at 1 inch above the top 
of the ceramiC cup. A small amount of distilled 
water was added to and poured in over this silica-
sand to ensure it fully filled the space surrounding 
the sampler, and made good contact with the 
surrounding soil. Next bentonite was poured in 
around the samplers to a depth of 3" to 4· and 
mixed with distilled water. This bentonite slurry 
was then compacted with a small rod to insure that 
it made a tight seal that prevented water from 
running down the outside of the sampler tubes. 
The rest of the hole was backfilled with field 
material and compacted similar to the undisturbed 
soil. Thus the soil water samples obtained were, 
and will be, from the soil water at the depth of the 
ceramic cup of the samplers. 
To extract the soil water samples from the 
samplers. a simple assembly was made up of a 
small diameter (3/32" O.D.) plastiC tube, a two-hole 
rubber stopper, a flask, or bottle, and vacuum 
pump as shown in Figure 5. This is the same hand 
vacuum pump that is used to apply the vacuum to 
the sampler. The vacuum pump is connected to 
the other hole in the stopper. Stroking the hand 
pump creates a vacuum within the bottle or flask 
which in tum sucks the sample up from the 
Figure 5. Yiehdrawing water sample. 
sampler and into the collection flask, or bottle. If 
the sampler is too deep to withdraw the water 
sample with a vacuum pump, then the sampler can 
be equipped with a two-hole rubber stopper with a 
small diameter tube from one of these hole 
extending down to the bottom of the sampler. 
Both of the holes have small diameter neoprene 
tube attached to them on the top of the sampler, 
and each is pinched off with a clamp. A positive 
pressure is then applied to the other top tube that 
does not extend to the bottom of the sample, and 
the soil water sample is force up and out of the 
other side into a flask, or bottle. The deepest 
sampler at the Price Dairy was of this variety. 
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GENERAL LITERATURE REVIEW 
INTRODUCTION 
The maintenance of the quality of the 
waters of a large reservoir, such as Deer Creek 
Reservoir, is a complex problem that involves many 
disciplines. The water quality is dependent upon 
the qualities of surface inflow, groundwater inflow, 
how both natural and man created nutrients are 
prevented from entering these incoming water 
supplies, how the system absorbs, or converts 
these nutrients, as well as complex chemistries, 
and biological occurrence that may take place 
within the reservoir itself. In this literature review 
on!y very limited aspects of these processes will be 
touched upon, namely how do the two important 
chemical of phosphorus and nitrogen influence the 
water quality in a reservOir, and how are these 
prevented from entering the reservoir. 
When a lake is enriched with nutrients 
which produce growths of algae and aquatic plants 
such that a reduction in its water quality results, it 
is said to be eutrophic. Eutrophication is a natural 
process, however, it can be greatly accelerated by 
human activities. Examples of anthropogenic 
sources of nutrients are chemical fertilizers and 
domestic and livestock sewage. 
The control of eutrophication requires the 
contro! of the two nutrients most often considered 
limiting in a lake's plant production: phosphorus 
(P) and nitrogen (N) (National Research CounCil, 
1978). P is often considered the limiting nutrient of 
the two because: 
(1) most lakes were phosphorus limited prior to 
artificial enrichment and many could be made so 
again, (2) phosphorus can be readily removed from 
waste water by chemical processes, (3) there 
typically is no sizable natural phosphorus 
enrichment, although exceptions are known, and 
(4) efforts to make lakes nitrogen limited may be 
circumvented by atmospheric sources of nitrogen 
and nitrogen fIXation by some blue green algae 
and certain bacteria (Gakstatter at aI., 1978). 
A study by Miller et al. (1974) confirms that 
P is often the limiting nutrient in algal productivity, 
but also shows that exceptions to this trend are 
common. They studied 49 lakes throughout the 
United States and found that P limited plant growth 
in 35 lakes, N limited plant growth in 8 lakes, and 
other nutrients limited plant growth in 6 lakes. 
They also found, however, that as the productivity 
of the lakes increased, the incidence of 
phosphorus limitation decreased. Of the six 
high-productivity lakes studied, three were 
nitrogen-limited for algal growth. The National 
Research Council (1978) indicates that N is often 
the limiting nutrient in lakes made highly eutrophic 
by domestic sewage. This is because domestic 
sewage has a dry-weight ratio of N to P of about 3 
to 4, whereas, healthy plants have a dry-weight 
ratio of about·7 to 8. 
The general consensus seems to be that 
Deer Creek Reservoir is phosphorus limited. 
However, this feeling may well be based on the fact 
that this is generally the case for such reservoirs. 
P and N enter lakes by point and nonpoint 
sources, with the latter sources being the most 
difficult to control. One potential nonpoint source 
of P and N to lakes is through the groundwater 
system. 
TRANSPORT AND RETENTION OF 
POLLUTANTS 
Phosphorous is soluble in water, and can 
therefore be transported in groundwater systems, 
as well as surface streams to Deer Creek Reservoir. 
Nitrate (N03) is the most common groundwater 
contaminant of nitrogens, and it can be converted 
to N species which promote eutrophication of 
reservoirs and is hazardous to human health. Man 
through such activities as cultivation of virgin lands, 
application of N and P fertilizers perturbs the 
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natural balances of these chemicals, resulting in 
increases in pollution of water supplies. 
The effects of such factors as timing of 
application of fertilizers, soil characteristics, 
cropping management practices, climate and the 
amount of land application of animal and other 
wastes in relationship to transport of total nitrogen 
and phosphorus in runoff from land area is 
discussed by Khaleel, Overcash and Westerman, 
1 976 & 1960. They provide equations for 
describing the nutrient concentration in runoff or 
nutrient runoff volumes as functions of the loading 
rates, and the limitations of the available data. Hill, 
1978 provides results related to the export of 
Nitrate-N from 21 watersheds near Toronto in 
southern Ontario from measurements over a 25-
month period. In this area Hill found that the 
annual average loss ranges from 1.41 to 7.31 
kg/ha. Analyses of these data indicate a significant 
correlation between nitrate exports and percentage 
of each watershed in crops and abandoned 
agricultural land. A number of soil and topographic 
variables also had significant correlation with 
stream nitrate levels. Wendt and Corey, 1980 
report on the variations of several forms of 
phosphorus in runoff from lands as effected by its 
use and the timing of application. They found 
losses of dissolved molybdate-reactive P (DMRP), 
the majority of which is dissolved orthophosphate, 
were greatest from established, or newly seeded 
alfalfa fields in the fall after the foliage had been 
killed by frost. The fraction of total P lost as DMRP 
was greater for alfalfa than for other crops or a 
conventionally prepared seedbed. Greatest total P 
losses were from com and seedbed areas due to 
greater sediment losses. Greatest losses were 
associated with highest sediment loads, Loss of P 
from foland was less than from crop land. 
The application of waste to land as a 
means of limiting pollution to water supplies has 
been practiced in various forms throughout the 
world. This practice includes land fills for municipal 
garbage, to use of treated sewage to irrigate 
agricultural crops. The 'sewer farm" in Heber valley 
is an example of the latter. Considerable variations 
in prolonged effectiveness, the need for protective 
liners, etc. exists in conclusion from studies related 
to land disposals. 
Boll, at aI., 1986, report on aspects of land 
disposal of wastewater as experienced in Germany. 
The Federal Republic of Germany's largest facility 
is operated in Braunschweig and serves a 
population of 290,000. After passing through a 
pre-treatment plant, the wastewater is sprinkler 
irrigated on 3,000 ha of farmland and surface 
flooded on 180 additional ha The experiences 
associated with this facility are quite favorable. 
Roy, at al., 1989 give limitations and 
feasibility of the land disposal of organiC solvent-
contaminated wastes, and conclude that only 
limited compounds can be safely disposed at the 
site of their study. Their predicted concentrations 
show only 13 of 33 organic monitored would result 
in the groundwater concentration levels less than 
their health based criteria The attenuation 
capacity of the site was insufficient to reduce 
concentrations of four components to safe level 
without limiting the amount of mass available to 
leach into groundwater. The remaining 16 
components, consisting mainly of hydro- and flora-
carbons could not be safely placed in the land fill. 
Results from a field study by Yamauro, at 
aI., 1986, that monitored the permeation of outflow 
water from a septic tank over a 10 year period 
showed removal percentages of 90 % for BOD and 
total phosphorous, but often below 50 % for total 
nitrogens. 
PHOSPHORUS IN GROUNDWATER 
In nature, P almost exclusively exists in the 
inorganic form known as phosphate (PO 4"4 
(Stumm and Morgan, 1970). Matthess (1982) 
states that groundwater concentrations of 
phosphates are normally on the order of 0.01 to 
0.1 mg/I. He contributes these low concentrations 
to phosphate's use in the biological cycle and to 
phosphate'S strong bonds to clay minerals and 
metal hydroxides. 
Sikora and Corey (1976) elaborate that the 
stronger bonds occur at P concentrations less than 
5 mg/I and are a result of chemical adsorption. To 
this concentration limit in neutral to acidic (typically 
noncalcareous) systems, the phosphate ion reacts 
chemically with Fe and AI minerals. To this 
concentration limit in neutral to alkaline (typically 
calcareous) systems, the phosphate ion reacts 
chemically with Ca minerals. 
Nichols (1983) notes that as P 
concentrations increase, physical 
adsorption-precipitation processes predominate 
over chemical adsorption processes. This type of 
adsorption does not bind P as strongly as does 
chemical adsorption and it is with these higher P 
concentrations that the soil's P-retention capacity 
can be exceeded. When P can no longer be 
retained by the soil, it can be leached to the 
groundwater system. This will lead to groundwater 
P-concentrations higher than the typical 
concentrations given above by Matthess. 
Examples of soils with a low P-retention capacity 
are organic soils low in 
Fe, AI, and Ca (Nichols, 1983) and sandy, acidic 
soils low in Fe and AI (Mansell et aI. ,1971). 
PHOSPHORUS MANAGEMENT 
STRATEGIES 
The best method to remove P from a soil 
system is to incorporate it into the biological cycle. 
Crops can be grown that use P for growth. The 
resulting biomass can then be harvested and 
removed from the system. Once P moves below 
the root zone, the major sink for P is in the 
chemical and phYSical adsorption processes 
discussed above. There is a limit to the amount of 
P a porous matrix can adsorb but Lance (1984) 
reviews studies that indicate that P adsorption can 
be substantial. especially if application rates are 
not rapid. For example, Kardos and Hook (1976) 
found that four field sites that had been irrigated 
with sewage water for 9-11 years lost no more than 
3 percent of the total applied P via leaching. 
However, sandy soils with shallow water tables and 
low concentrations of minerals that react with 
phosphate are susceptible to P-Ieaching. The 
application of P on these areas should be avoided 
whenever possible. If this is impossible. application 
rates should be low and plants should be grown 
and harvested to remove P from the soil system 
15 
before it can be leached into the groundwater 
system. 
Data collected during the summer months 
during 1989 at the sewer farm suggest that very 
small quantities of P leach through the 1 1/2 foot of 
top soil into the groundwater, primarily because the 
amounts of water applied are less than the 
potential evapotranspiration and that the 1 1/2 foot 
of top soil is maintained in a state of relatively high 
water tension so that very limited mass transport of 
water and nutrients occurs downward. This mass 
movement of soil water may not be insignificant in 
the spring. however. (See the later section of this 
report dealing with estimates of mass transport.) 
NITROGEN IN GROUNDWATER 
The nitrogen compound most likely to 
leach through the soil zone is nitrate (N031 (Freeze 
and Cherry, 1979 and Stevenson. 1982). Under 
some conditions, ammonium NH4 + can also leach 
through the soil zone. The factors that determine 
the concentrations of these two nitrogen forms are 
dependent on the amount of oxygen available in 
the immediate environment. For this reason, 
nitrogen in groundwater will be· discussed with 
respect to an aerobic environment and an 
anaerobic environment. 
Aerobic Environment: In aerobic soils 
containing the necessary bacteria. ammonium is an 
unstable form of dissolved nitrogen (Hook, 1983) 
with nitrate being the stable form (Freeze and 
Cherry, 1979). This is because aerobic bacteria 
convert ammonium to nitrate by a process known 
as nitrification. Because of nitrate's stability and 
also because most nitrate compounds are very 
soluble in water (Hook. 1983), nitrate is very mobile 
in aerobic groundwater environments. It used to 
be thought that this was the typical behavior for 
nitrate in groundwater, however. in recent years it 
has been found that there can be a very important 
microbial sink for nitrate in anaerobic groundwater 
environments. 
Anaerobic Environment: Knowles (1982) 
notes that as the concentration of oxygen 
decreases. some bacteria are able to switch from 
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using oxygen to using nitrate as an electron 
acceptor. This process, called denitrification, 
reduces the nitrogen in the nitrate such that the 
end products are nitric oxide (NO), nitrous oxide 
(N20), or N gas (N2). Firestone (1982) lists the 
general requirements for denitrification. In 
summary they are (1) the presence of denitrifying 
bacteria; (2) suitable energy sources (electron 
donors); (3) anaerobic conditions; and (4) the 
presence of nitrogen oxides such as nitrate. 
The advantage of having denitrification in 
groundwater is that it can be a major sink for 
nitrogen. The end products of denitrification are 
gases that can leave the aquifer and eventually 
escape to the atmosphere via the soil zone. 
Some of the marsh areas surrounding Deer Creek 
Reservoir have the necessary requirements for 
such denitrification processes. 
A large-scale example where denitrification 
is credited with keeping groundwater nitrate 
concentrations low is in the Coastal Plain aquifer of 
Israel (Ronen et al., 1987). This aquifer is deep, 
thick and sandy. Irrigation with sewage effluent 
have continued on the land surface above this 
aquifer for thirty years leading to the conclUSion 
that this aquifer had a great potential for nitrogen 
pollution. However, the authors believe that 
denitrification is occurring at the water table's 
surface. They write: 
This process explains the discrepancy observed 
between the high nitrogen pollution potential from 
anthropogenic sources since the 1970's and the 
almost imperceptible recent rate of increase in the 
nitrate concentrations of groundwater (Ronen et aI., 
1987). 
Denitrifying bacteria exist as either 
autotrophs or heterotrophs. Reports of autotrophic 
denitrification occurring in aquifers is much less 
common than heterotrophic denitrification. 
Autotrophic bacteria use "inorganic carbon, 
hydrogen gas, and reduced sulfur compounds as 
energy sources (Knowles, 1982). There are only 
two known species of autotrophic bacteria that are 
also capable of denitrification (Payne, 1981). Only 
one of them has been studied in an aquifer. Kolle 
et al. (1983, in German) studied an aquifer where 
the species Thiobacillus denitrificans is using pyrite 
(FeS2) as an energy source. 
Most species of denitrifying bacteria are 
heterotrophic, i.e., they use organic carbon as an 
energy source. Most groundwaters have low 
concentrations of dissolved organic carbon 
(Thurman, 1985), however, there can be geologic 
or surficial inputs of carbon to a groundwater 
system. Two limestone aquifers in the United 
Kingdom are believed to be able to support 
denitrification with carbon from the limestone matrix 
itself (Parker and James, 1985, and Lawrence and 
Foster, 1986). If so, this carbon supply would be 
available to denitrifying bacteria for a long time. 
SurfiCial inputs of carbon can be found in 
semi-tropical climates where organic-rich surface 
waters recharge groundwater (Thurman, 1985). 
Sewage effluent are. also surfiCial sources of 
carbon, however, aquifers contaminated by such 
effluent still tend to exhibit carbon-limited 
denitrification. Such is the case in the Israeli study 
mentioned above (Ronen et ai, 1987) and also in a 
treated sewage plume studied by Smith and Duff 
(1988) on Cape Cod, Massachusetts. 
If groundwater drains into a stream or 
swamp, or in some other way moves through the 
soil zone for long periods of time, limited carbon 
supplies may not be a problem. Jacobs and 
Gilliam (1985) found substantial evidence that the 
nitrate concentrations in shallow groundwaters 
were significantly reduced by denitrification by 
riparian vegetation. Undau et aI. (1988) found that 
a swamp forest had the ability to remove large 
quantities of nitrate through the processes of 
nitrification and denitrification. 
While nitrate is the unstable form of 
nitrogen in an anaerobic environment in the 
presence of denitrifying bacteria, ammonium is a 
stable form of nitrogen in such conditions. 
Typically, ammonium is not mobile in soil or 
groundwater systems as it is readily absorbed on 
cation exchange sites on clay. Leaching can 
occur, however, when these exchange sites reach 
equilibrium with a solution with ammonium. The 
ammonium then will be able to move by the 
exchange sites unaffected {Sikora and Corey, 
1976). The leaching of ammonium-nitrogen to the 
groundwater system would result. As with 
phosphates, sandy soils with a shallow water table 
are susceptible to this type of leaching. 
NITROGEN MANAGEMENT STRATEGIES 
As with P, a potential way to remove N 
from a soil system is to incorporate it into plant 
biomass which can be harvested and removed 
from the system. Unlike P, however, N is affected 
by microbial processes that make it more difficult to 
predict the effectiveness of this method. Two of 
t~e~e pr~cesses, denitrification and nitrogen 
fIxatIOn, WIll be discussed below. 
Denitrification can be encouraged in the 
soil zone before nitrates are leached away to an 
aquifer. Most denitrifying bacteria require an 
adequate supply of organic carbon and all 
denitrifying bacteria require an anaerobic 
environment. An organic carbon supply can be 
assured if some plant biomass is left to decay in 
the soil system. This, of course, results in a 
tradeoff because this biomass not only adds 
organic carbon to the soil but also nitrogen. 
One way to encourage an anaerobic 
environment in the soil is to keep it moist. Oxygen 
trapped in the moist soil is used up by aerobic 
bacteria This oxygen is slowly replaced in a moist 
soil because the diffusion coeffICient of oxygen in 
water is four orders of magnitude less than the 
diffusion coefficient of oxygen in air (Cussler, 1984). 
It is possible that an irrigation schedule could be 
developed that would maximize denitrification 
losses from the soil zone, however. there are many 
factors involved that would greatly complicate this 
calculation. The interested reader is referred to 
Rolston et al. (1982), Sexstone et at (1985). and 
Groffman and Tiedje (1988). 
Seasonal effects are another complicating 
factor in predicting denitrification efficiencies. Cold 
temperatures slow biological activities or stop them 
altogether. As temperatures warm, ammonium 
held on exchange sites in the soil is nitrified to 
nitrate. High spring runoffs can result in the flash 
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leaching of nitrates (Hook, 1983). 
Another problem with cropping and 
harvesting plant biomass is that some plants, such 
as legumes, have the ability to fix nitrogen from the 
atmosphere into the soil. Havelka et al. (1982) 
review a number of studies that show that the 
presence of nitrates in the soil have an inhibitory 
effect on nitrogen fIXation. Plants get nitrogen with 
the least energy expenditure possible. Nitrogen 
gas is bound together by two extremely strong 
triple bonds which make it "expensive" for the plant 
to break. While the presence of nitrates in the soil 
tend to make them a "cheape" form of nitrogen, 
Paul and Clark (1989) indicate that there are 
possible exceptions which could lead to nitrogen 
fixation as the cheaper altemative. As in 
denitrification in soils, there are many factors 
involved which currently make this process difficult 
to quantify. 
From a groundwater perspective, it is 
important to determine if an aquifer has the 
potential for denitrification. The recent increase in 
the literature of studies of denitrification in aquifers 
indicates it is common for aquifers to possess :C-';S 
potential. The one factor in most studies that limits 
denitrification is the lack of organic carbon. Ways 
to increase the concentration of organic carbon to 
aquifer waters should be investigated. Swamps 
and . riparian vegetation around regions of 
groundwater outflow to lakes or streams have large 
organic carbon supplies and have also 
demonstrated the ability to reduce the nitrogen 
concentrations in such waters. 
The results from our investigations of 
denitrification potentials in Heber Valley are 
contained in a forthcoming separate report. The 
study was begun anticipating that considerable 
denitrification may be occurring. Data and 
analysis, however, indicate that the amount of N03' 
lost from groundwater once therein is probably 
relatively small. 
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INSTALLATION OF Vadose-zone SAMPLERS 
Vadose-zone samplers were installed 
following the procedures outlined in an earlier 
section during the spring of 1989. The samplers 
were installed at six locations on the sewer farm, at 
the Price dairy (a mile south of Charleston) and the 
Hicken dairy Oust east of the high school in Heber 
City) as shown in Figure 3. At each of the six 
locations on the sewer farm, two samplers were 
installed; the shallower one at about 12 inches 
depth in the root zone of the soil and one deeper 
one at about a 30 inches deep, or just below the 
topsoil and most of the plant roots. More precise 
depths of the samplers are given in Table 1 with 
the dates of installation. Each field site was 
marked by steel guard posts with flagging. 
Three vadose-zone samplers were installed 
at the Price dairy adjacent to the waste pond 
southwest of the barns. Two of the samplers are 
just 15 ft. east of the pond at depths of 17 inches 
and 90 inches. The third sampler is southwest of 
the pond 10, ft. west of the high water line in the 
pond and is placed at a depth of 54 inches. 
Two samplers were also installed at the 
Hicken dairy adjacent to the dairy waste pond west 
of the barns. Both samplers are about 5 feet west 
of the pond immediately west of the fence between 
the Hicken and school properties. One is 30 
inches deep and the other is 48 inches deep. 
Installation of the samplers was made 
difficult at all locations except the Price dairy by the 
rocky nature of the soil and subsoil. Fist Size and 
larger cobbles are a major constituent of the 
subsoil formation and some cobbles are found 
right up to the surface. Near the surface there is 
dark colored topsoil that dominates over the gravel, 
but below about 18 inches, the color and texture 
change to a light brown sand and gravel with many 
cobbles. 
Constructing 3 inch diameter holes for the 
samplers in such a rocky formation was difficult. A 
hand auger could penetrate only a few inches. 
Then it was necessary to use a specially 
constructed 3 inch diameter cutter. This device 
had a hardened serrated ring mounted on a 3 inch 
pipe. On the top part of the 6 ft. long pipe was a 
heavy weight constructed with a hole in the middle 
so as to slide easily over the top end of the pipe. 
This pounding device looks similar to steel post 
drivers, except heavier and constructed of Slightly 
larger pipe. When this 30 lb. weight was raised 
and dropped, it pounded the pipe with its cutting 
edge into the soil, breaking up the cobbles as 
needed to create the hole for the sampler. The 
process of drilling these access holes was 
somewhat like creating a hole in concrete with a 
star drill, except that the core of larger rock often 
became wedged within the serrated end of the 
cutting pipe. Even so it was difficult to go deeper 
than about 30 inches in most locations. 
Samples were collected beginning in April 
1989 and continuing on a bi-weekly or monthly 
basis as needed. During the later summer months 
most of the samplers installed in the sewer farm 
area were dry when visited. Collection of samples 
was discontinued during the winter months at the 
beginning of the 1990 year, but collection was 
resumed again in the early spring and continued 
through the end of the 1990 year. All except 4 
samplers were removed late in 1990, and water 
samples were taken from the 4 remaining samplers 
during March and April. 1991. The results obtained 
from the chemical analyses of the water samples 
collected are reported, and discussed, in a later 
section of this report under the heading "Field Data 
from Vadose-zone Samplers.' 
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I. PHYSICAL PROPERTIES OF TOP SOILS 
AS DETERMINED FROM GRAB SAMPLES 
COLLECTION OF SOIL SAMPLES 
Disturbed soil samples were obtained from 
the 6 sites selected for instrumentation within the 
farmed area managed by the Heber Valley Special 
Service District, i.e. the sewer farm, and the two 
dairies selected for study at the time the samplers 
were installed. Two sets of grab samples were 
obtained from each site for analysis of the physical 
properties; one a composite of the soil materials to 
a depth of about 1.5 feet, and the other consisting 
of 4 separate samples taken at about 4 inch 
increments through the soil profile. In addition 
other grab samples were obtained from the 6 sites 
on the sewer farm for analysis of their chemical 
properties. 
The samples intended for physical analysis 
of their properties were taken to the soil laboratory 
within the Civil & Environmental Engineering 
Department at Utah State University, and both a 
standard grain size distribution analysis of the each 
sample was done, as well as the saturated 
hydraulic conductivity of material from each 
composite sample was determined using the falling 
head method. In doing these tests the two 
separate samples mentioned above were 
combined. Thus 8 grain size distribution analyses, 
and 8 saturated hydrauliC conductivity tests were 
done. Actually the hydraulic conductivity tests 
were replicated twice. 
A very small amount of material (from 1 to 
5 percent) passed the 200 mesh size, and 
therefore the grain size distribution analysis 
consisted only of a sieve analySiS, Since there was 
practically no material left to run a hydrometer 
analysis to separate the fine sizes, i.e. separate the 
silt and clay particles. 
It should be emphasized that these soil 
samples were taken from the top soil. In the sewer 
farm area, at all six sites, and most likely 
throughout this entire area, the top soil is only 
about 1.5 feet deep. Almost abruptly below the 
1.5 foot depth of top soil the material changes to 
one that contains a large fraction of relatively large 
rock, one inch and larger in diameter. Even the 
top 1.5 feet of top soil does contain some larger 
size rock. However, the material below the 1.5 feet 
depth consists principally of rock, that would be 
classified as cobbles. That this cobbly material 
underlies the area of Heber Valley is well known by 
the local residents, and can be seen where 
trenches have been dug that expose the soil 
profile. In the installation of the vadose-zone 
samplers these cobbles were encountered at every 
site at about 1 1/2 feet, and this made the 
installation of these instruments difficult at greater 
depths as described earlier. Often at a site several 
holes were attempted with the hope that the next 
hole may be at a location where a greater depth of 
penetration could be achieved without actually 
pounding through the rock, much like a star drill 
cuts a hole through concrete, but such attempts 
had very limited success. Therefore, these 
physical properties apply only to the top soil. The 
hydraulic conductivity of the material below 1.5 in 
the Heber City area, and sewer farm area, is larger 
than that on the surface, and it is believed that it 
can be safely assumed that any water penetrating 
beyond 1.5 feet will proceed downward to the 
saturated groundwater zone eventually with no 
change, or very minor changes, of its dissolved 
chemical contents. 
GRAIN SIZE DISTRIBUTION 
The grain size distribution analysis 
consisted of determining the percentages of 
material that could pass through the following six 
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Table 2. Grain Size Distribution of top soil samples taken from the sewer farm and 
adjacent to two dairy lagoon in Heber Valley, Utah. 
Sample taken Percent of material passing sieve 
from designated No.4 II No. 10 No. 20 No. 40 No. 100 
site 4.76 mm. 2.00 mm 0.841 mm 0.420 mm 0.149 mm ! 
Sewer Farm,Site#l 76.6 56.2 37.4 19.7 6.7 Sit:e#2 73.0 56.0 34.6 19.0 6.3 Sit:e#3 67.3 38.9 20.9 14.1 9.3 Sit:e#4 77.9 63.3 45.1 27.9 10.0 Sit:e#5 77.8 51.0 26.9 13.3 6.7 Site#6 74.0 49.6 28.9 13.8 5.2 
Hicken Dairy 69.8 38.8 23.1 13.9 7.4 
Price Dairy 68.5 33.5 11.8 5.0 2.2 
Averages 73.1 48.1 28.6 15.8 6.7 
Coarse to I F" Silt Clay 
__________ -4 __ ~m~ed~i~u~m~_4I"---I-n-e--t,------------_r-----------
U.S. standard sieve sizes 
0, 
-
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Figure 6. Grain size distributions of top soils from sewer farm area. 
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sieves: similar to the soil within the sewer farm and at the 
No.4 
No. 10 
No. 20 
No. 40 
No. 100 
No. 200 
(4.76 mm) 
(2.00 mm) 
(0.841 mm) 
(0.420 mm) 
(0.149 mm) 
(0.074 mm) 
Hicken Dairy. The top soil at the Price Dairy 
contains slightly more gravelly material on the 
surface, i.e. larger then 4.76 mm (the number 4 
sieve). and the smallest amount of fines (silts and 
clays with grain sizes less than the 200 mesh 
sieve). However these top soils at the Price Dairy 
are much deeper than at the other sites, and from 
what was observed in drilling the holes for the 
The procedure for these tests consisted of: vadOS&-zone samples, the material becomes finer 
with depth rather than coarser. 
1. Weighing the total air-dried soil sample. 
2. Weighing each sieve, 
3. Conducting the sieving operation in the 
sieve shaker that provides a lateral and vertical 
motion of the sieves, accompanied by a jarring 
action in order to keep the sample moving 
continuously over the surface of the sieve, 
4. Weighing the fraction retained on each 
sieve, and 
5. Computing the percentage of sample 
retained on each sieve by dividing the weight on 
that sieve by the weight of the original sample and 
multiplying this amount by 100. 
The results from the sieve analyses are 
summarized in Table 2 and plotted on Figure 6. 
Figure 6 plots the . average grain size distribution, 
but also shows the results from the individual 
samples from the eight sites. This figure has an 
abscissa that is a logarithmic scale. This scale 
increases from right to left in the direction opposite 
from most graphs. The ordinate is a linear 
arithmetic scale. The curves on such graphs are 
referred to as grain size distribution curves, and if 
the curve is flat and approaches a straight line the 
material would be considered well graded (i.e. 
contains about the same amounts of various grain 
sizes). If the curve is steep, or steep over some 
portion of the grain sizes, then the material is 
poorly graded. 
The following general observations can be 
made from these sieve analyses: 
1. There is not a great deal of variation in 
the grain size distributions from the samples taken 
from the various sites. 
2. The top soil at the Price Dairy is very 
3. In general about 30 percent of the 
material is within the gravel size range (i.e. that 
which is retained on the No. 4 size with grain sizes 
larger than 4.76 mm) 
4. Less than 5 percent, and an average of 
3.6 percent of the material consists of the fines silts 
and clays. 
5. The grain size distribution is relatively 
uniform, i.e. the material is not poorly graded but it 
contains essentially only sand and gravel sizes and 
abqut 70 percent of the total material is composed 
sand size grains and 30 percent of gravel size 
grains. 
The unsaturated, or relative unsaturated 
hydraulic conductivity of a poorly graded material, 
or one that contains only small fractions of silt and 
clay particles, reduces much more rapidly as the 
soil water tension increases, than it does for a well 
graded material that also contains silt and clay size 
particles. Since movement of water will occur 
principally under unsaturated conditions through 
the top 1 1/2 ft at the sewer farm, the fact that very 
small amounts of fines exist in this material suggest 
that it will transmit very little water through it to the 
groundwater below, except when it is at a 
saturated, or near saturated state. Analyses and 
discussion of this unsaturated flow process are 
given later in this report. 
Soil at the sewer farm site is classified as 
Holmes gravelly loam (loam ~keletal, mixed. frigid 
Typic argixerolQ and Kovick loam (fine-loamy. 
mixed. frigid cumulic HaplaquolQ. The Holmes 
series consists of well drained very gravelly soils. 
whereas the Kovick soils are poorly drained. 
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SATURATED HYDRAULIC 
CONDUCTIVITY TESTS 
Saturated hydraulic conductivities were 
determined for the eight disturbed samples of 
surface soils taken from the sewer tann sites, and 
the two dairy sites. The material was placed in the 
permeameter cylinder at roughly the same density 
as was observed in the field. This density is about 
80 percent of standard proctor. It would have 
been more desirable to utilize undisturbed samples 
for these tests. However, this was not practical 
since undisturbed samples of this material would 
not have sealed tight enough around the sides of 
the permeameter cylinder to prevent water from 
fl~wing freely down portions of the cylinder Wall, 
WIth the results that unrealistically large hydraulic 
conductivities would have been measured. The 
falling-head method was utilized for these tests, 
and 3 replications of the tests were carried out on 
each sample. The results of these saturated 
hydraulic conductivity tests are given in Table 3. 
The saturated hydraulic conductivity is 
dependent upon many factors, and the values 
determined by these laboratory tests should only 
be taken as indexes of the hydraulic conductivity. 
A preferred procedure would be it the hydraulic 
conductivity had been determined from tests done 
in the field. The results from these laboratory 
determinations do indicate that a value of saturated 
hydraulic conductivity from 1X10-5 to 5X10-5 ft/sec 
is representative of field conditions. 
Saturated hydraulic conductivities in the 
range of these values would be expected from the 
soil grain sizes. The laboratory tests suggest that 
the hydraulic conductivities at the two dairies are 
slightly smaller than at the sewer farm. This may 
be true for the Hicken Dairy which is located in 
Heber City. However, the field observations in 
taking the samples (or lack of collected water 
samples at the Price Dairy) suggest strongly that 
the actual field saturated hydraulic conductivities at 
the Price Dairy are an order of magnitude less than 
those at the Hicken Dairy, or within the sewer farm. 
In boring the holes for the samplers at the Price 
Dairy it was also observed that as the holes 
became deeper. that the composition of the 
material appeared to have a larger fraction of silts 
and clays than the sieve analyses indicates for the 
surface soils. We suspect, therefore, that the soils 
at greater depths, i.e. below the top foot or two, at 
the Price Dairy site are much less penneable, and 
composed of finer grained particles. An additional 
indication of this is that the lagoon at the Hicken 
Dairy appears to be losing most of the flow either 
through seepage, or evaporation; whereas the 
Price Dairy lagoon had a small continuous stream 
of liquid flowing from it onto the field to the south 
every time the site was visited during the summer 
of 1989. Therefore, the lagoon itself was losing 
only a small fraction of the inflow through seepage 
and evaporation. It was somewhat puzzling to note 
much 198$ outflow from the Price Dairy lagoon 
during 1990. The liquid manure was either more 
frequently applied to the farm land by honey 
wagon, or taken care of by other means than 
having it flow into the lagoon. 
CHEMICAL PROPERTIES OF SOILS 
The grab samples that were obtained from 
the sewer farm were obtained at the locations 
where the samplers were installed. Four samples 
were taken from each site at varying depths from 
the surface to approximately 1.5 feet. These 
disturbed soil samples were all collected on April 
21, 1989. The results from the tests obtained on 
these samples is given in Table 4. 
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Table 3. Saturated Hydraulic Conductivities of disturbed samples taken from the 
locations where vadose zone sampler were installed. 
! Saturated Hydraulic Conductivit . ft/sec 
1 
Site Trial ~~Trial 2 I Trial 3 Average 
r Sewer farm, Site # 1 3.4SX10-s I 3.47X1O-s 13.43X1O-S 3.4SX1O-s 
· 
Site # 2 2.46X1O-s 2.4SX10-s 2. 43X10-s 2.4SX10-s 
· 
Site # 3 1.89X10-s 1. 91X10-s 1. 89X10-s 1. 89X10-s 
• 
Site # 4 3.30X10-s ; 3.31XlO-s 3.30X10-s 3.30X1O-s 
· 
Site # 5 3. 74X10-s i 3.76X10-
s 3. nXlO-s 3.74X1O-s 
• 
Site # 6 2.8SX10-s 2. 84X10-s 2.87X10-s 2.8SXlO-s 
I 
1. SlXlO-s 
; 
1.S0X10-s 1.S0XlO-s 1.S0X10-s Hicken Dairy I 
1.8SXlO-s i 1.86X1O-s 1. 84X10-s 1.8SX10-s Price Dairy 
I 
, 
I j : I 
Table 4 Properties of sol h acqulred fro .. the' Held sttes at the sewer far ... 
Sll. Oop,tt !iH ca::: e: ~COO.n T"" .. 0.9_ T",. P Sodlum e.cn."9'Illio CI N03·N ~ Gto.e! inch •• moqllOQI mmh""cn P NIIl"Vo" c_ ". b''''pllon Rolle ~um P.tCMt moq/L mv/Kg I!!lI.IKg ~ '!Co fSARI [ESP! 
I 3· • NA 17.4 NA .1.0 0.18 1.8 0.05 NA 2. r NA 8.6 2a.4 1 I· 10 7.00 18.2 0.5 5.0 0.11 2.0 0.05 2.4 2.2 1.32 8.3 13.7 1 10 . I. 7.10 17.8 0.5 5.2 0.17 1.8 0.05 2.3 2.2 1.28 '.3 g.91 I 14·11 1.10 111.0 0.5 5.1 0.13 1.3 0.05 2.1 2.5 1.35 1.9 7.5. 2 3· I 7.20 HI.Q O.S 2.a 0.15 1.5 0.05 2.11 2.1 1.41 g.5 12.5 2 •. 10 '.110 11.5 D .• 2.1 0.15 I.S 0.05 2.1 l.1 0.8l sa 10.' 2 10· Il 1.70 IS .• 0.4 4.5 0.12 1.2 0.05 2.7 2.8 l.I2 1.5 18.4 
2 13 . II '.70 15.1 0.4 2.1 0.10 1.0 0.05 2.8 2.1 0.7 4.7 8.a 3 3 .• 7.10 Ig.4 0.4 8.0 0.11 2.0 0.01 I.. 1.5 0.8l 1.4 Il.4 l 8· 10 7.20 10.2 0.4 5.8 0.1' 1.8 0.05 1.8 2.1 054 7.1 Il.2 3 10 . 14 7.10 II.' 0.4 1.1 0.13 \.4 0.05 1.8 1.0 0.57 1.8 20.1 3 14 • 1. 7.00 17.1 0.4 5 .• 0.12 1.3 0.05 1.8 2.0 0.88 I .• 15.4 4 • ·1 7.30 15.8 0.5 l.1 0.111 U 0.05 2 .• 2.S 1.111 11.2 12.4 4 7·g 7.00 14.0 0.4 l.' 0.12 1.2 0.04 2.a 3.8 0.88 I 7 g \4.1 4 12 . 14 '.10 14.1 0.4 4.0 0.13 1.2 0.05 2.7 3.4 1.40 10 20.7 4 14 • la '.eo 14.0 0.4 I.' 0.10 o.a 004 2.1 42 0.45 7.0 10 .• 5 2· I 7.20 15.3 0.' 4.11 O.IV 2.0 0.05 2.1 2.5 2.52 16.7 37.1 5 I· 10 7.20 15.5 0.4 4.5 O.HI 2.1 0.0' Vii 2.' 0.81 103 2a.1 5 12·14 7.20 1&.2 0.4 5.4 0.18 2.0 0.05 2.0 2.4 1.32 '.3 34.' S 14." 7.10 18.0 0.4 14.2 0.17 I.' 0.01 2.1 2.1 0.83 '.2 22.5 I 2 . 4 7.10 15.4 0.1 Il.7 0.15 1.1 0.05 1.7 1 I 2.13 3 .• 11.4 I I· 10 a.oo 14.0 0.4 •. 4 0.15 1.5 0.05 2.7 2.1 1.23 4.1 17 
I 10 . 12 7.20 14.11 0.5 5.2 -~'!.:'--. 1.4 0.05 2.5 2.a 1.41 5.' 20.7 ... ---
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IRRIGATION WATER QUALITY 
Irrigation water for the sewer farm comes 
from either of two sources. During the spring when 
there is an abundance of water in the surface 
streams of Heber Valley the sewer farm is irrigated 
with canal water that comes from snow melt and 
other surface runoff sources. As the surface flows 
diminish in magnitude water is pumped from the 
903.6 acre-ft capacity winter storage lagoon at the 
waste treatment facilities of the Heber Valley 
Special Service District into the center pivot 
sprinklers and applied to the land. 
The canal water, which is used for 
irrigation, is a non-saline and non-alkaline water 
source and would be classified as C1-S1 quality. 
The dates and results from water quality analyses 
of this irrigation water are shown in Table 5. The 
water samples were taken from the canal just 
before it entered the pumps that supplied water to 
the center pivot sprinklers during the 1989 irrigation 
season. 
Table 5. Water Quality of Canal Irrigation Water 
Date pH EC NH3-N N03-N+ Cold acid 
Coll. umhos/ N02-N hdrolyzable 
em lII.Rll 1IUt/l P lIlltll 
4/21/89 7.52 NA <0.05 2.90 0.03 
5/3/89 8.00 192.0 <0.05 0.62 0.03 
6/1/89 7.90 157.0 <0.05 0.45 0.04 
6/22/89 8.00 191.0 <0.05 1.27 0.04 
4/26/90 <0.05 0.86 0.08 
5/14/90 <0.05 0.12 0.05 
6/1/90 7.75 <0.05 1.12 0.05 
614/90 7.70 0.55 
The treated waste water that is utilized later 
in the summer to irrigate the sewer farm area has 
the quality shown in Table 6. 
The treated sewage water is saline with an 
electrical conductivity, EC, greater than 750 
umhos/cm and would be classified as C3-S1. 
Alfalfa. which was grown on the sewer farm during 
the period of this study, is a relatively salt tolerant 
plant and since there are no toxicity symptoms 
evident, the treated water is adequate for this 
plant's growth. 
Total P S04 Cl Tot.al 'Sodium 
ialltalinity Absorption 
1IUt/l lIllt/l lIllt , 1 m&Jl Ratio 
0.12 NA NA NA 0.19 
0.03 19 4.0 72 0.17 
0.02 10 2.2 63 0.15 
0.03 20 3.3 72 0.17 
0.07 
0.11 
Table 6. Water Quality of treated sewage water utilized for irrigation. 
Date pH EC NH3-N 
Coll. umbos/ 
em 
7/13/89 7.80 917.0 
7/27/89 8.20 1041.0 0.54 
9 9 89 8.20 1013.0 0.46 
N03-N+1 Cold acid 
N02-N hdrolyzabla 
1 P 1 
2.09 
0.61 
Total P S04 Cl 
2.00 
Sodium 
Absorption 
Rat.io 
1.92 
264 2.21 
272 2.21 
:1, 
iE 
":" 
" 
-~ . 
. ' :,{ 
I 
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LABORATORY COLUMN STUDIES 
INTRODUCTION 
The laboratory portion of the study was 
completed during 1989. The results from this 
study were also reported in the Interim Report, but 
are contained herein for completeness with only 
minor changes for that given previously. 
SOIL SAMPLES 
The six columns of undisturbed soil 
obtained from the six sites defined on Figure 3 as 
described earlier, where the vadose-zone samplers 
were installed within the sewer farm area, were 
placed in a laboratory at the Utah Water Research 
Laboratory, at Utah State University, Logan, UT. 
No attempt was made to maintain the growth of the 
alfalfa plants present in each column because the 
proper type of lighting was not available. 
The columns were leached weekly with 1 
liter of the irrigation water. From May 1 through 
July 12, the columns were leached with water from 
the irrigation canal (surface runoff). From July 18 
through September 12, the columns were leached 
with the treated sewage from the treatment 
facilities. The water was manually applied to each 
column at a rate of approximately 2.1 inches per 
hour (5.3 cm/hr). The leachates were collected 
and the samples were sent to the Utah Department 
of Health, State Laboratory, in Salt Lake City for the 
analyses of total phosphorous, orthophosphorus, 
nitrates-nitrogen, ammonium-nitrogen. pH, electrical 
conductivity, EC, calcium, Ca, sodium, Na, 
potassium, K, magnesium, Mg, total dissolved 
solids, TDS, sulfate, SO 4' chloride, CI, and 
alkalinity. These columns were leached every 7 
days from May 1 to September 12, 1989. Samples 
were sent to the State Laboratory, however, only 
on the dates indicated in the Tables 7 and 8. 
QUALITY OF REPORTED WATER 
ANALYSES 
All water samples from the column study 
were sent to the Utah Department of Health 
Laboratory, Salt Lake City. Utah. Data from the 
chemical analyses of the water columns. as 
reported by the State Health Laboratory, are given 
in Tables 7 and 8. 
In interpreting this data it is important to 
recognize its limitations, and inherent accuracy. 
The analytical method used by the State Health 
Laboratory is a colorimetric determination. There 
are some inherent difficulties involved in all 
colorimetric determinations. and they are not as 
precise as other methods. The laboratory indicates 
that the results at low levels are only significant to 
10 ppb and at higher levels only to two significant 
digits even if the reporting is to 1 ppb. The State 
of Utah Department of Health has requested that 
reporting be to 1 ppb so that some computer 
programs could be utilized, with full realization that 
the results are not that accurate. This same 
reporting of results has been given to us. 
According to the USEP A, EMSL in 
Cincinnati, the "Estimations of Acceptance Umits 
for Water Pollution Laboratory Evaluations" the 
regression equation generated from water pollution 
performance evaluation studies for the standard 
deviation of total phosphorus analysis is, 
a = 0.0110 + 0.0687T 
in which T is the true value. Using this equation to 
compute the standard deviation for a true value of 
0.025 mgtl gives a = 0.01272. Thus reported 
values at the 95% confidence interval (t = 1.96) for 
a sample with this true value could be within 0.025 
± at or from 0.000 mg/l to 0.050 mg/l. A sample 
with a true value of 1.000 mg/l would have a 95% 
confidence interval of 0.844 mg/l to 1.156 mgtl. 
The regression equation for the standard deviation 
of the orthophosphate analysis is, 
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0' = 0.0055 + O.0464T 
According to this equation the standard deviation 
of a true orthophosphate value of 0.025 mgtl is 0' = 
"0.0067 or the orthophosphate determination 
could vary from 0.012 to 0.038 for a 95 % 
confidence interval. 
The accuracies of determination as defined 
by the above formula explain some apparent 
discrepancies in the water quality data given in 
Table 7 and B. For example data from May 16 
obtained from column 4 gives a value of the total P 
:::: 0.037 mg/I which is less than the ortho P (cold 
acid hydrolyzable. P) which is 0.068 mgtl. This is 
not possible since the total P includes ortho P plus 
other species of phosphorous. However, at the 
95% confidence level, as given by the above 
equation, the true total P could have been as much 
as 0.067 mgtl, and the true value of ortho P could 
have been as small as 0.052 mg/l. assume one 
was determined on the low side and the other on 
the high side of this interval. The discrepancy 
between total P and ortho P in the sample of water 
from column 3 on May 23 is not explained entirely 
by the accuracies of determination. At the 95% 
confidence the true value of total P could have 
been as much as 0.093 mgtl and the ortho P as 
small as 0.097 mgtl. For such data it must be 
assumed that either the accuracy of the chemical 
determinations were poorer than defined by the 
above equations, or a mistake of some nature 
occurred. 
According to Standard Methods for 
Examination of Water and Waste (APHA, 1989) and 
Methods for the Analysis of Water and Waste (EPA, 
1983), water samples requiring the analysis of 
orthophosphorus, more properly termed soluble 
reactive phosphorus, and N03-N are not preserved 
and must be analyzed within 48 hours or collection. 
The suggested procedure for orthophosphorus 
analysis is to use an unpreserved, filtered sample 
that should be analyzed directly by colorimetriC or 
ion chromatography techniques within 48 hours of 
collection to ensure analysis of just the soluble 
reactive phosphorus. If other forms of phosphorus 
are of interest, analysis involving the conversion of 
the various forms of phosphorus into dissolved 
orthophosphorus and the determination of this 
dissolved orthophosphorus by either colorimetric or 
ion chromatography is recommended. Otherforms 
of phosphorus include total (all inorganic and 
organic forms of P), and acid hydrolyzable 
phosphorus (condensed forms of P such as pyro-, 
tripoly-, and higher molecular weight species, such 
as hexametaphosphates, and some organiC 
phosphates cempounds). The total phosphorus in 
a sample is converted to orthophosphorus for 
analysis by heating the acid preserved samples 
with a combination of concentrated acids. The 
condensed phosphorus in a sample, termed acid 
hydrolyzable phosphorus, is converted to 
orthophosphorus by boiling an acid preserved 
sample for 90 minutes. The presence of sulfuric 
acid will convert other forms of phosphorus, i.e. 
condensed phosphates to orthophosphorus. 
The fractions reported by the State 
Laboratory as orthophosphates are not true 
orthophosphorus because they were acid 
preserved samples. Because of logistiCS and 
budgets true orthophoshates have not been 
obtained. Toward the end of this study the Bureau 
of Water Pollution Control in the State of Utah 
Department of Health consulted with EPA clean 
lakes program regarding concerns about 
orthophosphate analysis, and arrived at the 
conclusion that orthophosphate analysis may not 
be necessary and that for most water qualify 
management applications dissolved total 
phosphorus can be used. As a result they have 
discontinued requesting orthophosphate on their 
ambient stations. The orthophosphate analyses 
that were reported by the State Health Laboratory 
are included in the following data tables. These 
results from acid preserved orthophosphorus 
analysis will be referred to as 'cold acid 
hydrolyzable phosphorus'. 
The intent of the laboratory column study 
was to evaluate the sorption/mobility of 
orthophosphorus, total phosphorus, and N030N 
applied to soils with irrigation water. 
Orthophosphorus and nitrate-nitrogen are the 
forms of phosphorus and nitrogen of environmental 
concern; orthophosphorus because it is the most 
readily bioavailable form of P, which is often the 
limiting nutrient in lakes and waterways, and 
nitrate-nitrogen because of its adverse human 
health effects. 
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Table 7 W-tAr Quail t.y dat.a obtailled ~ t.lMI l.abcu.-at.ory co~ .to:adi_ ac c _tAr. 
0_ C"'"mn' ....... ~: Ma 1. I,., 
IrrinIial W_ Coi-.I Co __ 2 CooIImID 3 CoiIaIa4 Coluau:! 5 Coh.ml:l6 
pH 1.52 1.06 8.11 8.17 8.16 7.32 8.09 
EC (umballc:m) 
Ca (mil ) 23 98 110 110 82 '17 130 
il) Mg (mil. 5 18 16 25 15 19 19 
K (mil ) 1 4 2 S 3 
" 
3 
Na(mll ) 4 140 90 79 83 90 80 
TDS (mg/L) 108 866 114 968 610 830 934 
NH4-N (1IIg/L) <0.01 7.67 0.08 2..S5 0.68 0.41 <0.01 
N03·N+N02·N (1IIg/L) 2.9 4U5 33.54 n.'" 10.18 3211 36.61 
S04(aw'L) 
'cold acid bydrolyuble' P (mll/L) 0.032 <0.05 0.025 0.174 0.029 0.064 0.1 
Told P (mgJL) 0.116 0.QS4 0.087 0.325 0.069 0.093 0.126 
Cl (mill) 
I Told A.Ik.a1.izUry (mill ) 
Date Column', __ Le.c:bed: M. 
'.1'" 
Irrinlioa W IlIlr Coiumnl Colama2 CoiamD3 CoiImra4 Coillaul 5 Coh.ml:l6 
pH 8.0 7.8 1.0 7.7 8.0 1.9 7.9 
EC (umballc:m) 187.9 102D 99S 1148 88S 969 1233 
Ca (mIlL) n 90 100 l!!O 88 96 140 
Mg(mg/L) 6 15 16 23 ~ 14 18 22 K (III&IL) 1 2 2 4 2 3 I 2 Na (ml/I.) 4 94 83 57 77 75--'- as 
TDS (mJIL) 
NH4-N (m giL) <0.01 2.'17 0.29 1.12 0.12 0.12 0.08 
N03·N+N02-N (mill ) Q.5 39.19 42.22 43.48 30.16 S5.78 68.34 
S04(aw'L) 20 46 36 51 42 38 44 
'cold acid bvdrolyzable" P (mgiL) 0.015 0.042 0.062 0.192 0.058 0.06 0.057 
Told P (mg/L) 0.015 O.OD 0.063 0.053 0.09 0.128 0.152 
Cl (mill) 4 78 61.9 66.9 86.9 43.05 6t.9 
Told AlkaliDiI:y (mgiL) 70 165 192 m 132 101 145 
Date Column', w_lAadMd: M. 
." 1'" 
Irrillalioa W IlIlr Coillaull Co lama 2 Coillaul3 CoiIIaul4 Coillaul 5 Cohmm6 
;-
pH 7.9 7.9 8.0 7.8 U 8.0 8.0 
EC (umballc:m) 192 820 90S 954- 792 rn 1067 
Ca(mllll.) 26 73 93 120 78 75 110 
Mg(mg/L) Ii 13 15 18 12 14 18 
K(mlllL) I 2 2 2 I 2 3 2 
N&(mgiL) 3 72 71 41 64 55 70 
TDS (mg/L) 126 572 628 692 534 594 832 
NH4·N (mlllL) 0.14 1.18 0.24 0.2 0.28 0.12 0.14 
N03·N+N02·N (mgiL) 0.87 17.56 32.28 1!U7 24.77 4U4 53.25 
S04 (mill) 19 38 40 46 39 34 41 
'cold acid bydroly%able" P (mgiL) 0.036 0.033 0.028 0.091 0.068 0.079 0.06 
TocaJ P (mg/L) <0.005 0.012 0.04 0.033 0.037 +-035 0.024 
Cl (mrIL) 3.5 47.5 49.9 43.7 57 26 46.9 
Told Alkalillil:y (mllfl.) 72 159 20( 246 152 110 ISO 
Date Columa'.w_ Lacbed: M. l3.1.' 
Irriluioa: W_ Coiumn 1 Colaam2 CoIamu3 Cohmm4 Columll 5 Cohmm6 
pH 8.0 7.9 8.0 7.8 /l2 8.1 8.1 
EC (umballc:m) 195 700 831 737 6Q3 815 912 
Ca (mg/L) 26 I 66 85 98 61 83 98 
M~ (mill) 6 11 14 13 9 15 15 
K (mg/L) 1 1 2 2 1 2 2 
Na(mgJt.) 4 59 65 38 SO 5S 61 
TDS(mll.iI ) 126 472 5SO 486 396 620 644 
NH4·N (mg/I..) cO.Ot 1.03 0.3 0.14 0.06 0.09 0.17 
N03,N+N02·N (mill ) S.13 1:1.7 3232 18.19 16.23 56.39 57.54 
S04 (mg/L) 19 3~ J6 36 34 40 41 
'cold acid hydrolyzable" P (mgJ1 ) 0.025 0.007 0.012 0.112 0.015 0.114 0.146 
TocaJ P (mIlL) 0.031 0.025 0.018 0.062 0.093 0.162 D.J24 
Cl (mgJt.) 
" 
34 39 29 35.S 21.7 32.5 
Total Alkalinity (mffi) 72 153 20S 236 I 154 112 143 
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Taobic 7 QDllEiDIIIiId I 
DatAl Collmla" .... ~: Ma 31, no 
lrriIIalioll W __ CoIIIIII.III Coluam2 <:0-.3 Cohmm4 Colaam5 Collaan 6 
pH 1.0 8.0 1.0 7.9 11.1 1.2 8.1 
EC(~c:m) 194 765 812 710 586 616 9Q3 
Ca(mllL) 26 76 83 97 59 64 99 
Mil (mg/L) 6 13 14 13=E9 12 15 K(II1IUl.) 1 I 1 2 2 1 2 2 
Na(mgjl.) 4 60 65 36 47 44 62 
TDS(maIL) 121 524 5SO 466 388 460 702 
NH4-N (mgIL) <0.01 0.93 0.24 0.14 0.09 0.07 0.1 
N03·N+N02·N (m!llL) o.s 36.41 32.51 13.68 15.98 33.17 SS.411 
~(mlll'l) 19 37 36 33 ,~ 36 46 
• cold acid bydntlnablc' P (mgjl.) 0.046 0.006 0.01 0.1 0.121 0.12S 
ToW P (mgIL) 0.042 0.0Z2 0.074 0.048 0.048 0.121 0.189 
C(ml/l} 3.6 31.5 32.8 24.5 2&.7 14.9 211.7 
ToW .t.''''';''irv (mgIL) 73 154 2118 249 1S3 123 152 
Date COIUIIIB', .... ~: JUDe 6, 1'" 
brill_DOlI W_ Cohm:ull CoiIIIIIA 2 Columa3 ColumD4 CoiIIIIIA 5 CoiIIIIIA 6 
pH 7.9 7.9 7.7 7.8 8.0 1.1 &'0 
EC(~c:m) 
Ca(m..JIL) 21 70 74 95 64 68 82 
MfI(mg/L) 4 12 12 12 9 12 13 
K(ml/l) 1 1 2 1 1 2 2 
N-(mRiL) 3 55 53 34 51 42 so 
TDS(ml/l.) 100 4114 462 464 414 478 S64 
NH4·N (mill) 
N03·N+N02·N (mg/L) 
~(m&Il) 9 31 26 2S 211 32 37 
'cold acid bydntlvzab/c" P (mgjl.) 
ToW P (maIL) 
C (mRiL) 2 24.5 22 20.9 21.5 11.5 19.7 
ToW .. '(mgIL) 62 ISO 197 238 164 122 143 
Date CoilIIllD'a .... Le.bed: J_ll, 1,., 
bri2aDOIl W_ Cohm:ull CoiIIIIIA 2 Column 3 Cohmm4 Coilmm5 ColumD6 
pH 7.9 7.8 7.6 7.6 8.1 7.9 7.9 
EC(~c:m) 154.5 623 692 595 691 694 759 
Ca(mllL) 22 67 77 83 76 79 86 
M" (mgIL) 4 11 12 11 11 14 13 
= 
K(IIIII1) 1 I 2 2 I 2 i I 
Na{mllL) 3 46 54 I7 55 4\ 54 
TDS (ml/l.) 98 436 478 392 476 476 S38 
~~ N03·N+ ) ~(m ) 9 1:1 1:1 21 29 34 40 
'cold acid bydntlyuble' P (mgjl.) 
ToW P (mIlL) 
C(ml/l.) 2.3 21.7 18 14.3 2S 3.8 16.5 
T oCaI Albliairy (ml/l.) 63 143 I 206 213 175 123 156 
DatAl ColumB', .... Le.bed: J_lI, UIt 
briPDOII W_ CoIIIIII.II 1 Columa2 CoIuma3 CoIImm4 Columa5 Coklmn6 
pH 7.9 7.9 7.7 7.8 3.1 7.11 7.9 
EC(~c:m) 159 718 743 700 596 72S 830 
Ca (ml/l.) 22 77 112 98 49 81 94 
Mil (mIlL) 5 13 13 13 10 15 IS 
K (mRiL) 1 1 3 2 2 3 2 
Na(m..JIL) 3 32 49 42 60 
TDS(ml/l.) 84 488 4112 440 374 500 S80 
NH4·N (ml/l) <0.01 <0.01 2.24 0.34 0.17 0.69 0.6& 
N03·N+N02·N (mgIL) 0.45 0.86 14.64 11.13 10.03 29.43 25.57 
S04 (IIIJIL) 10 30 29 I7 2S 34 46 
'c:old acid bydrolyzable" P (mRiL) 0.044 O.CO 0'/:l4 0.06 0.04 0.133 0.06 
ToW P (m!llL) 0.022 0.015 0.036 0.02 0.007 0.604 0.00:5 
C(IIl~l 2.3 16.6 10.8 1S.5 20 8.3 14 
I ToCaI A.Ik.II.iIlily (ml/l.) 65 l 168 245 245 202 133 192 
29 
Table' ..... 1IIId 
Date CollUftll' ....... '--:IMd: JlIl 
Cohmull CoIomm4 CO __ S Coluam6 
8.1 7.9 
543 62J 7aT 
63 71 72 
11 1.5 13 
<1 2 1 
35 
3~ 
0.24 
11.13 2:9.01 
43 
0.122 
0.146 
5.1 
Total 127 lOS 
30 
T4Ibla a. w.t.u-j)lallty data obt..aiI:uMI ~ th. lAbo.r.t.o.r.r co~ .tw:U. •• lAt.ach..t with tz •• t..t __ 1& __ t.a:r. 
o.u. Colol.a' ..... ~: J.J, II, I.' J 
Irriaar.ioa W ... CoMa I CollmD2 CDIIaBl3 CDIIaBl4 CoiamA5 CohImD6 
pH 7.9 U 1.0 1.0 7.11 
EC (umhcclcm) 910 146 1J16 8S6 830 783 
C. (mfllL) Sol 70 69 7:5 43 67 39 
Mg (mRIL) 20 17 18 17 14 HI 12 
K (1I2gI1.) 7 <l 2 '2 <I I 1 
Na (mfllL,) 70 51 60 43 64 32 49 
1DS (mRIL) 580 636 614 610 584 554 524 
NH4-N (mg/L) 0.65 037 0.72 0.32 0.3S o.Sl 0.34 
SOJ-N+N02·N (mg/L) 2..46 SQ.2 30.23 22.43 34.02 36.74 25.41 
S04(mgJL) 110 1'2 88 97 76 17 66 
I -cold.,gd bydrolyzalXe" PJ.mg/L) 2..975 0.1l3S 0.036 O.tOl 0.085 0.006 oms 
T ocaJ P (mgtL) 2372 0.09 0.114 0.28 0.122 0.196 0.057 
C(mgtL) 73 37 45.5 41.5 32 
TocaJ AlkaliDity (mg/L) 110 138 183 196 125 
Date Calumu', ._ LeadMd: July 15 1M. 
IrrillaUoa W __ CoIIIma 1 Column '2 ColImm 3 Columa4 Column 5 Column 6 
pH 7.8 8.0 8.2 1.2 1.1 8.1 
EC (umhcclcm) 923 718 1tlS 865 839 762 
C. (mllJ1) 90 110 tOO no no 90 
Mg(mg/L) 22 19 19 19 20 14 
K (mfllL) 11 <I 2 3 2 <1 
Na (tEWt) 73 49 62 49 36 43 
IDS (mg/L) 572 686 604 588 628 536 
NH4-N (mll/L) 0.1'2 t=f= 0.43 0.13 0.26 0.18 0.25 N03-N+N02-N (m.J/L) 6.13 24.08 16.91 26.08 26.26 224S S04 (mfllL,) 110 97 lIO 100 84 
"cold~dbydrol~e'P(mll/L) 0.394 0.067 0.173 0.044 0.089 0.042 0.072 
Toeal P (mIlL) 1.737 0.099 o. I Sol 0.267 0.075 0.2tlS 0.136 
C(mllJ1.) 69.9 53.9 56.3 67 60.9 43 
T ocaJ AlbIiDity (mgIL) 2S4 117 IIJ1 190 129 144 
, Date Columu', .... LeadMd: AUI WIt 1 IMt 
Irrillalioa W __ CoIUllUlI Coluaul2 Coillmll3 Column 4 ColumnS Column 6 
pH 8.1 8.0 7.9 1.9 7.9 8.2 
EC (umhcclcm) 1029 912 972 916 , 966 886 837 
C. (mltiL) 91 lIO 100 llO UO 110 97 
Mil (mgJL) 26 19 21 19 17 11 16 
K(miUl) 12 <I 3 3 <1 1 1 
Na(mg/L) 91 49 69 58 69 rI 56 
IDS (mgJL) 636 656 648 614 676 686 578 
NH4-N (mllJ1.) 0.39 0.28 0.31 0.09 I 0.26 0.08 0.19 
N03-N+N02-N (mfllL,) 2.36 28.52 20.26 8.28 I 23.04 18.95 16.16 
S04 (mfllL) 130 110 110 120 130 130 100 
-cold.,gd hydrolyzable" P(mltiL) 1.036 0.043 0.109 0.268 0.021 0.106 0.091 
Toeal P (mll/L) 2..071 0.103 0.228 0.387 0.088 0.175 0.174 
C (mlllL) 94.9 75.9 76.9 &3.9 17.5 &3.9 68 
T ocaJ AlkaliDity (m flIL) 130 125 186 184 123 164 
Date ColumD' •• ent LacfMd: Auwst 15, U8' 
Irrillatioa W ... CoIUIIUlI Coluaul2 Coillmll3 CDi11m114 Col!.mn S Collmm6 
pH 8.3 1.3 1.1 U 8.3 1.2 3.23 
EC (lDD.boIIcm) IOS3 998 1063 1038 1005 
C. (mIll'Ll 91 110 110 110 120 120 110 
I M~ (mIlL) 26 21 22 22 20 23 19 
K(mg/l.) . 12 <1 3 4 <l 2 2 
Na (mlU'L) 94 51 77 74 79 55 62 
IDS (mgIL) 676 686 676 652 704 6S6 644 
NH4·N (mlllt) 0.68 0.2A 0.27 0.08 0.1 0.14 
NOJ·N+N02-N (mg/L) 1.1'2 19.18 21.12 1.57 20.49 1.5.39 17.43 
S04 (mg;1..) 130 150 130 140 150 150 140 
"cold acid bydrolyzable" P (mltiL) 1.896 0.043 0.08 O.2Al 0.019 0.08'2 <0.005 
TocaJ P (mg/L) 1.996 0.1211 O.lrl 0.404 0.12 0.202 0.152 
C(mgtL) 95.4 104 91.9 98.9 102 104.4 95.9 
T ocaJ AlbIiDirv (mlllL) 130 123 186 202 140 
:n 
TebIc QDIlIiaIllld I 
Date Columa'. __ Lad:Ied: AullUlt:;r:" 1,., 
IrrilaUOII W.,. CollIIDJIl CoIm:aA 2 CoIumDJ Columa4 Coluam5 Collaa6 
pH IU 8.1 8.1 1.2 8.1 1.2 
EC(~QIl) 1039 994 10S7 1029 1098 1021 1018 
-
Ca (muL) 92 110 110 110 120 120 120 
Mil (mIlL) 26 20 21 21 20 23 20 
K(DWL) 12 1 3 J <1 2 2 
Na(mgJL) 94 69 13 7. 91 65 6S 
TDS(mVL) 672 640 trl4 65. 
=i3 692 NH4·N (mIlL) 0.6 0.17 0.21 0.1 0.1ll o.lJ OlooN (mIlL) J.l 11.26 16.54 7.53 16.23 16.42 
S04(mgJL) 130 160 140 150 160 160 ISO 
• cold acid lIydrolyzable· P (mIlL) 2.0:52 0.337 0.187 0.297 0.094 0.128 0.087 
ToW P (aWL) 2.029 <0.005 0.134 0.365 0.099 0.171 0.107 
C(ml/L) 96.9 132 111 III 117 113 109.6 
T ouJ AIbliDily (m ill ) 262 133 187 18$ 133 135 
Dale Columa'. -_ Lacbed: SetII_1Hr 11, 1'" 
lrriIIaliOll W.,. Coiuam 1 CoIm:aA 2 Cobml3 Columa4 Collmm5 Collan6 
pH I.l 8.0 8.0 8.1 8.1 II 
EC{~) 1013 1009 ICC3 UN3 1131 993 laz7 
Ca(ml/L) 90 110 110 110 120 110 120 
Mit (mIlL) "Z1 21 23 23 21 21 20 
K (muL) 12 1 :I 4 <1 2 1 
Na (mill'll 93 79 15 93 7S 61 
TDS(maIL) 652 716 702 688 658 712 
NH4·N(m~) 0.46 0.12 0.2 0.12 06 0.12 
N03·N+NOl-N (mg/L) 0.61 17.96 11.9 7.58 13.21 9.73 12.76 
S04 (mgIL) 130 160 140 140 180 ISO 160 
"cold acid hydrolyzable· P (mIlL) U19 0.144 0.15 0.368 0.047 0.115 0.075 
ToW P (IDIIIL) 1.998 0.132 0.154 0.363 0.046 0.145 0.018 
C (mIlL) 95.9 115 106 115 132.5 115.5 119 
TouJ AlkaJiDiryJmy'L) m 143 213 210 154 135 
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RESULTS FOR THE LABORATORY 
COLUMN STUDY 
The application rate used in this study (2.1 
inches/hour) is a relatively high rate. With the 
canal water, most of the columns drained relatively 
quickly compared with the application rate and 
flooding of the soil surface was not observed. 
When the irrigation water was switched to the 
treated sewage water, the higher saline condition 
of the water caused a decrease in infiltration rates. 
When using the sewage irrigation water, standing 
water occurred in all columns except the column 
from site 2. Slow infiltration rates was a particular 
problem in columns from sites 3 and 4, requiring 
overnight for all the applied water to drain out of 
the end of the columns. This reduction in 
infiltration rates is also probably part of the 
explanation why the field samplers were unable to 
extract soil water later in the summer, as described 
in the next section. Water simply did not 
penetrate to the 1-3 foot depths of the samplers in 
sufficient quantities to increase the soil water 
enough for the samplers to exact it with the 
tensions of approximately 1/3 of an atmosphere 
within them. 
CANAL WATER 
Figures 7 through 10 illustrate the ratio of 
the effluent to influent concentrations (C/Co) for 
EC, N03-N, 'cold acid hydrolyzable p', and total P 
generated for the six soil columns irrigated with 
canal water. When Cleo equals 1, the effluent has 
the same concentration of the analyte as the 
influent. If C/Co is less than 1, then there is a net 
removal of the analyte from the influent solution by 
the soil. If C/Co is greater than 1, then the analyte 
is being displaced from the soil by the influent 
solution. 
For EC and N03-N (Figures 7 and 8), the 
ratio of C/Co, using canal water, were greater than 
1 for all columns. The canal water is relatively low 
in salt (EC= 182 umhos/cm) and N03-N (average 
concentration = 1.3 mg/I). The C/Co ratio 
decreases with time for both parameters, 
illustrating the flushing out of salts that have 
accumulated in the soil over the previous growing 
season. 
The C/Co ratio for 'cold acid hydrolyzable' 
P and total P are shown in Figure 9 and 10 for the 
six columns leached with the canal water. These 
figures indicate that some P, both 'cold acid 
hydrolyzable' P and total P, was released from the 
soils. The field site had been fertilized with P just 
prior to sample collection. The release of P from 
the soils may be the result of this fertilizer 
application. The quantity of P released was 
variable, and did not follow as clear a trend with 
time as was evident with EC and N03-N (Figures 7 
and 8). 
Figures 15 through 18 show the 
concentration of N03-N, 'cold acid hydrolyzable' p, 
total P and EC determined for the effluent from the 
six columns for each leaching event using the 
canal water. Figure 16 illustrates the quantity of 
the effluent water in terms of salinity. Electrical 
conductivity values for the effluent greatly exceed 
the influent EC, as discussed previously. The 
quality of the effluent water would be classifi~d as 
being highly saline (EC 750-2250). The dominate 
cation in the effluent water was Ca (Table 7). 
Figure 15 shows that the N03-N in all 
leachates exceeded 10 mg/I, the drinking water 
limit for N03-N. The canal water contained only 1.7 . 
mg/I N03-N. These results again illustrate that 
large quantities of N03-N were leached from the 
soil with the canal water. The high N03-N in the 
effluent may be due to the leaching of nitrogen that 
has been stored in the soil over the winter months 
that was being nitrified to N03-N in the spring. 
Sewage IRRIGATION WATER 
From July 18 through September 12, 1989, 
the soil columns were leached with the treated 
sewage water. Figures 11 through 8 illustrate C/Co 
for the six columns for N03-N. EC, 'cold acid 
hydrolyzable' P, and total P. For EC, the values for 
C/Co were approximately 1, indicating that the 
amount of salt in the effluent equalled that in the 
influent. As mentioned previously the sewage 
irrigation water would be classified as highly saline 
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(a class C3-S1 irrigation water). The effluent was 
therefore also of diminished quality due to the high 
salt content. 
Nitrate-nitrogen was released from the soils 
with the application of the sewage irrigation water 
(Figure 11). as was the case when the canal water 
was used for irrigating the six soil columns. This 
illustrated the continued release of N03-N in the 
influent water regardless of the source of the 
irrigation water. Figure 20 illustrates that all column 
effluent contained N03-N in excess of the 10 mg/I 
drinking water limit. As stated previously, the soil 
continued to release N03-N in the concentrations 
of public health concern regardless' of the source 
of the irrigation water used. If canal water were 
used to leach the samples for a long period the 
amount of N03-N would like decrease as it content 
in the column were depleted. Nitrate-nitrogen is 
highly mobile in soil and the continued release of 
N03-N in this study indicated the continuous 
conversion of other forms of N to this leachable 
form. Since there was no plants involved in the 
laboratory study, all converted N03-N would leach 
whereas in the field the N03-N would be taken up 
by the plants. This laboratory study may, therefore, 
represent the worse case for leaching N03-N. 
Figures 13 and 14 show that CICo for 'cold 
acid hydrolyzable" P and total P were all less than 
1. This indicates that there was a net removal of all 
forms of P from the irrigation water by the soils 
studied. The general trend, however, shows that 
there was less retention of P with each leaching 
event. 
Figure 22 shows the concentration of 'cold 
acid hydrolyzable" P in the effluent for the six 
columns for each leaching event when the columns 
were irrigated with the treated sewage water. The 
concentration limit of phosphate (soluble reactive 
P referred to in older literature as ortho P), set by 
the Utah State Division of Water Quality, for lakes 
and reservoirs is 0.025 mg/I. The effluent 
concentration of "cold acid hydrolyzable' P 
exceeded this value. The highest effluent 
concentration was 0.35 mg/I 'cold acid 
hydrolyzable" P collected from column 3 on 
September 12. Since the analysis for "cold acid 
hydrolyzable" p, as performed by the State Health 
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Laboratory, did not follow standard methods, it is 
not possible to fully evaluate the environmental 
significance of the level of P leaching out of the 
columns. The acid preservative present in the 
samples used by the State Laboratory for the 
requested analysiS of "ortho P' would have 
converted other forms of P to ortho P prior to 
analysis. The reported concentration included 
ortho P plus P from undefined fractions. It is 
evident, however, that P in the irrigation water was 
moving through the soil at concentrations that may 
be of environmental significance if the measured P 
was in the form of soluble reactive P. Further 
studies of the actual form of P moving through the 
soils should be conducted. 
In summary, the laboratory column studies 
indicated that in the spring, when canal water is 
used to irrigate the soilS. there was a net leaching 
of salts and nutrients from the soils. The 
concentrations of N03-N in the effluent was in 
excess of drinking water limits. When the treated 
sewage water was used for irrigation, N03-N was 
still being leached from the soils in concentrations 
in excess of the influent concentration and in 
excess of drinking water limits. There was a net 
removal of both 'cold acid hydrolyzable' P and total 
P from the sewage irrigation water by the soils. 
The concentration of "cold acid hydrolyzable" P in 
the effluent was. however. in excess of the 
recommended level for phosphate in lakes and 
reservoirs. The actual forms of P included in the 
analysiS of the water samples for "cold acid 
hydrolyzable" P cannot, however, be defined as 
phosphate so actual interpretation of the 
environmental significance of the reported values is 
not possible. The 'cold acid hydrolyzable" P 
results, however. did indicate the leaching of some 
forms of P. The actual forms of P in the effluent 
needs to be investigated. 
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FIELD DATA FROM Vadose-zone SAMPLERS 
OBTAINING WATER SAMPLES FROM 
FIELD 
The description of the Vado8e-zone 
samplers that were installed at six sites within the 
sewer farm. and at the Hicken and Price Dairies is 
given in a previous sections of this report. This 
section of the report describes the procedures for 
obtaining data from these samplers, presents the 
data. and provides an analysis and interpretation of 
this data. It is important to recognize that data for 
only about 1 1/2 years (from late spring of 1989 
through 1990) have been obtained and this was a 
period in which precipitation was well below 
normal. Because of this drought condition the soils 
within the irrigated sewer farm received less water 
from nature especially during the spring snowmelt 
period and consequently a possible flushing of 
nutrients through the top layer of soil, that might 
take place during wet years, was not observed. 
Approximately one week after each 
samplers was installed the water that had collected 
in it was withdrawn, and discarded. These initial 
water samples were discarded because they would 
have been effected by the small quantities of 
distilled water that was used to pack the fine rock 
sand around the head of the sampler, and the 
distilled water that was mixed with the bentonite 
clay used to prevent water from entering the 
samplers head from around the tube. 
Thereafter, visits to the field occurred at an 
interval of every other week, and later during the 
summer on a monthly basis, and during the late 
summer and fall months on a six week interval. On 
a several occasions during the early summer of 
1989 the samplers sites were visited between the 
above intervals, and renewed vacuums were 
applied to them without withdrawing the water that 
had collected in them. These interim visits were 
deemed desirable to learn more about how best to 
proceed in the data collection program. Because 
of the cobbles in the soils profiles where the 
sampler's heads were installed we initially were 
apprehensive about whether they would be 
capable of extracting water from these unsaturated 
cobble soils. It soon because apparent that the 
samplers did retain tensions within them for 
extended periods of time. With few exceptions, 
even on a six week interval, there was still suction 
within the sampler tubes, as evidenced by the 
suction release that could be heard when the pinch 
clamp was release. Generally, however, when the 
sampler sites were visited the water that had 
collected in them was placed in a nutrient sample 
bottle supplied by the Utah State Health 
Laboratories and delivered to this laboratory within 
a two hour period after the water sample was 
obtained. The amount of water sample that had 
collected in the samplers was generally not enough 
to fill the nutrient sample bottle. In many cases 
only enough water was collected to fill the bottle to 
an inch or two depth in its bottom. This was all 
the water that the sampler had been able to extract 
from the soil water over the 2 week, the month or 
the 6 week interval. Small quantities of water 
sample were the rule rather than the exception, 
particularly during the summer months. The 
exceptions were the two samplers at the Hicken 
Dairy. They generally always more than filled the 
nutrient sample bottle, and it was possible from 
these samplers to also obtain samples of water to 
place in the chemistry sample bottles as well. 
The nutrient bottles contain acid, as 
described earlier in this report. but the chemistry 
sample bottles did not contain acid. The small 
quantities of samples that were extracted from 
some of the samples was insufficient to do all of 
the tests that were requested in some cases. 
Having only a portion of a sample bottle 
filled (and often less than 100 mO created 
difficulties for the Utah Sate Health Laboratories in 
obtaining all the chemical analyses that were 
requested. It was often not possible to rerun the 
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analyses when orthophosphate concentrations 
turned out to be greater than total phosphate 
because sufficient aliquot was not available in the 
collection bottles. A number of these 
discrepancies were noted as the data were 
received from the samples collected during 1989. 
Questions were raised regarding what procedures 
should be followed, e.g. whether the samples 
should be filtered or unfiltered, preserved with acid, 
or not preserved, and processed within 48 hours of 
being collected, and keep under refrigeration 
during this time. rherefore. during 1990 several 
duplicate samples of preserved and unpreserved, 
and filtered and unfiltered water were taken, when 
possible, to determine what types of differences 
exist. Generally sufficient sample for duplication 
was only available from the samplers at the Hicken 
Dairy. rhe analysis from these duplicate samples 
are contained in the data tables given 
subsequently. 
In addition to the drought during the period 
of thiS study that is mentioned above another 
occurrence that may not take place every spring, 
but that took place during the spring of 1990. was 
that the ground of the sewer farm remained frozen 
until after much of the snow had melted. On 
March 14 the sites were visited after the daytime 
temperatures were above freezing. On this date 
there was approximately 8 inches of 'ripe' snow 
covering the ground. In walking to the sampler 
sites 3 and 6 in the field of the sewer farm on the 
east side of the county road running through the 
sewer farm, about 4 inches of water existed above 
the ground that had not infiltrated because it was 
still frozen. What had occurred is that the 
snowmelt water had run (Le. was then flowing that 
. afternoon) toward the west end of this field and 
accumulating there because it sloped downward 
toward the west. The depth of this water 
decreased as we walked eastward toward the 
sampler sites and did not exist at the sites. The 
melting snow water was being collecting at the 
west end of the field and some at least was being 
drained off by drains and irrigation ditches. Thus 
during the spring of 1990 it is believed that only a 
portion of the water accumulated in the snow over 
the winter infiltrated into the soil. at least in the 
positions where the samplers were located. 
DATA OBTAINED FROM FIELD Vadose-
zone SAMPLERS 
The results from the water quality analyses 
of the samples collected from the field. as reported 
by the State Health Laboratory, are contain~d in 
Table 9 and in a different format in AppendIX A. 
Appendix A also contains data giving 
concentrations of chemicals from wells in the area 
of the study in Heber Valley. The large Table 9 
consists of separate small tables for each of the 6 
sites where vadose samplers were installed at the 
sewer farm and the two dairies. the Hicken Dairy in 
Heber City. and the Price Dairy near Charleston. In 
these individual smaller tables there are two 
separate rows showing the depth of the samplers 
under each date for the data obtained for the two 
samplers at each site. Table 9 reports the data 
from all chemical analyses that were received from 
the State Laboratory. The nutrients of major 
concern in this study are those in the last four rows 
of each individual small table in Table 9. namely 
the Ammonia N .• Ortho P. (which are referred to as 
'cold acid hydrolyzable phosphorus' in this report 
for the reasons given earlier). the Nitrate-Nitrogen. 
and the Total Phosphorus. Unfortunately some of 
these determinations were not done on some of 
the first water samples. 
The data for the total Phosphorus. Nitrate· 
Nitrogen, cold acid hydrolyzable p. and Ammonia 
N. have been abstracted from Table 9 and placed 
in the individual Tables 10, 11, 12 and 13. 
respectively so that it is easy to examine how ~hese 
quality parameter vary with time, and from site to 
site. Table 14 contains a summary of the total 
Nitrogen. i.e. the sum of the Nitrate-Nitrogen, and 
the Ammonia·Nitrogen. 
As a reference for comparison the 
concentrations of total phosphorus, 'cold acid 
hydrolyzable phosphorus, and Nit~~e-~itrogen in 
the canal water that is used for Imgatlon of the 
sewer farm during the first portion of the season, 
and in the treated sewage that is used for irrigation 
later during the growing season when the su~ace 
water supplies are not in surplus are summanzed 
in Table 15. 
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Table 9. Data giving reeutta from nutrient and chemical analyses of water samplee taken from the 
sewer farm sltea and two dairies. 
Sewer Farm Sit. I 1 (591123) 
Sample(mg/l) 
:PH 
'Ma nesium 
!Sodium 
iSult:ate 
is .Cond.WIlhoa 
'Calcium 
Sewer Farm Site #2 (Storet No. 591124) 
Sample(mg/l) 5/3 89 5/18/89 S/1 89 6/22 1.1' 2.5' 1.1' 2.5' 1.1' 2.5' 2.5' 
PH 8.7 8.5 8.7 
Magnesium 9 18 17 
Sodium 250 170 190 
Sulfate 110 150 130 
Sp.Cond.WIlhos 1259 1220 1290 
Calcium 4S 90 80 
,Potassium 9 9 7 
'Chloride 51.9 54.9 44.5 
Tot. All:: QO 
Tds II laoc 896 
Allmonia II ~<o.o, 0.07 
OrthoPhoa 0.32 0.161 0.49 
Nitrate N QO 22.4 
T. Phos. 0.194 0.272 
Sewer Farm Site I 3 (Storet 140. 591125) 
Sample(mg/l) 5/3/89 Sl18/89 6/1/89 6/22 
1 ' 3 ' 1 ' 3 ' 1 ' 3' 3' 
PH 8.6 8.1 QO 
Magnesium HO 21 22 
Sodium NO 59 140 
Sulfate HO 1S0 130 
Sp.Cond.WIlhos 827 1005 1303 
Calcium HO 140 110 
Potassium NO 4 7 
Chloride QO 58.9 58 
Tot. All:: 216 230 QO 
Tds II l80e 956 
AIImonia N 0.08 0.49 QO 0.12 0.24 
OrthoPhos 0.324 0.12 0.074 0.221 0.436 
Nitrate N 8.89 20.93 23.16 46.77 27.98 
T. PhOIl. QO 0.12 0.139 0.346 0.45 
7/13 89 7/27 4/10/90 
1.1' 2.5' 2.5' 1.1'&2.5' 
QO QO 8.3 
12 15 31 
270 180 300 
lS0 130 170 
1399 1143 
47 69 110 
5 7 3 
96.7 52.5 235 
QO QO. 
972 802 1358 
1.16 <.OS 
0.48 .135 
I 14.74 7.87 
0.515 0.157 
1/13 7/27 8/31/89 4/10/90 
3 ' 3 ' 1 ' 3 ' l' &. 3' 
8.0 8.4 
19 17 
130 250 
140 110 
1154 
9S 81 
4 1 
45.1 94.9 
247 
838 
0.11 1.94 3.17 0.12 0.06 
0.144 0.315 0.378 0.161 0.049 
27.2 2.4 3.28 15.87 
0.143 0.316 1.745 0.272 0.0549 
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Table 9. (Continued) 
Sewer Farm Site I • (Storet No. 591126) 
Sample (111&11) 5/3 89 5/18/89 8/1/89 6/22/89 7/13 7/27 8131[89 4jlO/fl9 1.5' 3.2' 1.5' 13.2' 1.5'; 3.2' 1.5' 3.2' 3.2' 3.2' 1. 5' 3.2' 1.5'&3.2' 
'PH 8.2 fl.3 8.5 8.3 00 fl.4 
! MagnesiUIII 17 15 18 13 18 2.3 
Sodium ! 110 84 220 420 260 I 420 
; Sulfate 1120 110 ;170 170 240 260 
:So.Cond. 1087' 945 i 1543 2206 1609 I 
I Calcium 110 97 91 61 75 53 
Potassium 3 7 7 10 5 1 
: Chloride 91.9 64.9 79.5 104.5 81.5 200 i 
: Tot. AU: 200 214 370 698 00 I 
Tds II 1aOC ! ~ 1010; 15-q::56 1582 Amnonia N '0.26 3.64 I :0.81 0.48 0.23 0.38 0.08 
OrthoPhos 0.027 0.005 .831 .144 .188 10.249 0.241 0.574 0.038 ! 
Nitrate N 18.79 20.65 19.47 24.28 23.59 39.39 1. 51 8.51 1.53 I 
T. Phos. I 0.06 0.07 0.228 .197 0.218 1.208 2.214 0.055 I 
Sewer Farm Site #5 (Staret No. 591127) 
4, ~0790l Sample( /11 5/3/89 5/18/89 6/1/89 6/22 7113 1/27 9/13/89 9/29/89 
111& : 2.S'l 1 ' l' 2.5' l' 2.5' 2.5' 2.5' 2.5' l' 2.5' 1 ' 2.5' , 1'&2.5' 
PH 8.2 8.5 8.2 8.7 8.3 1 I 8.4 
Magnesium 13 i 21 10 2 I 38 
SOdium 130 220 110 70 480 
Sulfate 140 160 120 70 I 480 
Sp.Cond. 101 1588 855 2226 244 I 
ICalciUIII I 77 110 58 51 180 
; Potassium 4 8 3 11 3 
IChloride 91.5 66 43 92.9 2.4 507.' 
Tot. AU: 185 308 813 00 
,Ids II 180C 644 1520 1594 220' 
IAmnonia N 0.09 O~ QO QO 0.18 IQO am 0.27 0.19 OrthoPhos 0.197 0.04 051 0.139 0.172 0.369 0.005  8 0.18 0.054 
'Nitrate N 38.46 17.06 .15 38.76 0.08 31.98 0.89 3.83 11 1.37 3.02 
I. PhO!!. QO 0.04 10.254 0.231 0.382 0.444 0.085 0.233 0.17 0.026 0.092 
Sewer Farm Site I 6 (Storet No. 591128) 
Sample(lII&/l) 5/3 89 5/18 89 6/1 89 7/27/89 8/31 89 9/13 9/29/89 4110190 1.5' 1.5' 1.5' 1.5' 1.5' 1.5' 1.5' 1. 5' 1.5' 1.5' 1.5' 1.5' 1.5' 1.5'&1.5' 
,PH 8.5 8.4 8.2 
Magnesium 13 15 31 
; Sodium 140 130 340 
Sulfate 98 150 250 
!Sp.Cond. 950 978 
,CalciUIII 73 17 110 
i Potassium 3 8 2 
Chloride i43.9 ~ 269.4 Tot. All 320 Tds 8 180C 1464 
Amnonia If 0.05 0.37 00 0.44 0.32 0.48 10.4 o~." 'CO 0.07 0.06 OrthoPholl 0.19 0.331 0.55 0.192 0.428 0.579 0.494 O. .184 0.092 0.185 0.082 
Nitrate If 7.81 6.97 13.21 42.73 18.98 5.76 22.54 1.79 .57 0.01 0.041 17.81 
I. Phos. 0.156 0.309 QO QO 2.028 0.561 0.17 1.72310.15610.09 0.021 0.133 
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2174 
88 140 100 
Potassium 81 170 150 
:Chloride 59.5 34.2 21.7 
IIot. All: 780 14 409 402 345 
'Ids g l80e 1284 2104 1710 1168 1592 1362 
IAamoni .. N 2.26 1.55 1.32 0.75 0.4 0.28 0.13 0.2 
OrthoPholl '1.23 1.013 1.013 1.006 1.54 1.143 
,Nitrate N 24.13 106.1 80.16 6.91 45.3 2.776 
I. Phos. 1. 47 1. 48 3.22 0.89 6.036 1.268 
Sicken Dairy (Storet No. 591122) 
8/31/89 4/10/90 
S D S 0 
8.0 8.4 
19 14 
20 84 
34 89 
81 67 
Potassium 50 87 
Chloride 6.9 10.5 
Iot. All: 
Tds @ 180e 496 688 578 764 814 
Aamonia, N 0.16 0.14 0.06 0.07 <0.05 4.18 0.11 <.05 0.07 0.12 
OrthoPhos 1.358 8.21 1.125 1.375 6.288 1.608 1.358 2.172 1.721 2.689 
Nit.rate N 0.1 22.37 14.55 44.58 12.67 8.05 14.32 28.17 17.85 91.12 
I. Phos. 0.625 3.835 5.713 1.577 6.177 5.365 0.088 2.120 1.928 2.982 
P i 0 i (S If 591129) r ell a.ry toret o. 
Sample (lI!&/l) 5/18/89 6/1/89 6/22 1/13 7/27 8/17 8/31/89 9/29 4/171 1.5' 7.5' l' 7.5' 7.5' 17.5' 7.5' 7.5' l' 1.5' 1.5' PH 100 100 100 8.3 
MaRneslum 110 54 1110 45 
• Sodium 1120 160 tl 110 iSulfate 240 150 100 ~ 2881 2163 340 30 150 112 100 19 
Chloride 374.9 106.5 384.9 94.9 ~ 00 1968 1494 00 1030 0.05 0.06 0.39 0.06 0.07 0.18 0.13 0.21 0.11 OrthoPhos 0.673 0.204 0.398 0.508 0.369 0.371 0.183 0.303 0.127 0.609 
Nitrate N 86.35 9.63 56.54 119.6 102.1 0.01 23.13 0.22 1.722 23.68 
T. Phos. QO 0.252 0.376 00 0.321 0.628 0.17 0.318 0.042 0.556 
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Table 10. SUlmlery ot: "cold ecid hydrolyzable phosphonu$" (ortho-P) in .. eter umplea 
collected from the Field. The t .. o lines of date under siven dete. represent the two 
samplers at the siven sita. All data are in millisram/litar. 
Date Field Site 
Speciel Service District, S .... r Farm Dairy Lagoons 
Site ~ Site 2 Site:3 I Sit. 41 Sit. Site 6 Sicken Price 
i5/10/89 
I 
1.49 
1.23 
I 
5/18/89 I 
I 
I 
6/1/89 I 
6/22/89 
7/13/89 
7/27/89 
8/17/89 
8/31/89 
0.872 
0.072 
1. 386 
0.261 
9/13/89 0.099 
0.087 
9/29/89 0.214 
.172 
10/26/8 
0.078 
3/14/90 
0.042 
0.204 
0.372 
0.32 
0.161 
0.49 
0.48 
0.114 
I 
10.324 
1
0
.
12 
0.074 
0.221 
0.436 
0.144 
0.315 
0.378 
0.161 
i 0.027 
1<0.005 
0.197 
0.044 
0.19 
0.331 
0.831 0.051 
0.144 0.139 
0.55 
0.192 
0.188 
0.249 
0.241 
0.574 
0.172 
0.428 
0.369 0.579 
0.494 
0.297 
0.005 0.184 
0.247 
0.318 0.092 
0.18 0.185 
O. 034 
0.084 
1.013 
1.013 
4.258 
4.724 
0.984 
0.984 
1.006 
1.54 
1.143 
7.651 
1.358 
8.21 
1.449 
7.673 
1.445 
1.125 
1.375 
6.228 
3.302 
1.339 
0.673 
0.204 
0.398 
0.508 
0.369 
0.371 
0.183 
0.303 
0.127 
3/27/90 0.04 .109(.167) 0.047 .041 
0.033 ,084(.191) .038(.127) .059 
0.046 038(.062) .937(.788) 0.388 
046(.054) 1.54(1.229) 1.228 .472 
4/10/90 *0.084 *0.138 *0.049 
4/26/90 *0.04 
5/14/90 0.054 
0.055 
6/1/90 0.052 
0.019 
0.025 
0.006 
0.161 
0.049 
6/26/90 *0.047 *0.021 
7/26/90 
8/28/90 : 
9/27/90 . *0.142 
0.40 
0.096 
0.010 
0.041 
! 0 08 
*0.03 *0.054 *0.082 
*0.15 .055(.068) .02 
0.05 
0.01 
*0.84 
0.075 
0.125 
0.117 
0.163 
.054(.061) 
0.188 
0.064 
O. 9 
.047 
* Combined sample from both samplers at site 
( ) Thi. sample i. filter and unpre.erv.d with acid 
1.609 
1.358 
*1.715 
2.172 
1.721 
2.689 
1.516 
0.609 
1.360 
3.170 .172 
2.814 .202 
*1.091(1.948) 1.091(.773) 
2.865 
1.382 
3.217 
1.413 
3.126 
1 657 
1.598 
1.044 
: 1.733 
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Table 11. Summary of total phosphorus in water samples collected from the Field. The 
two lines of data under siven dates represent the two samplers at the siven site. All date 
are in milligram/liter. 
Date Fiald Site 
Od La cons 
51 Site 6 lUck-en ! Price 
15110/89 I 
1. 82 
I 
1. 47 
I I ;5/18/B9 0.872 I c;x::l c;x::l 0.06 c;x::l : 0.156 ! 1.49 c;x::l 
\"lf89 
0.07 I 0.37 0.12 0.07 0.04 0.309 ! 3.22 I 0.252 
i I 
c;x::l , 0.139 0.139 c;x::l 0.254 c;x::l 
I 0.376 
c;x::l 0.194 0.346 0.228 0.237 c;x::l I 
c;x::l c;x::l 
6/'1.2/89 i 
I 
4.724 
0.272 0.45 0.197 0.915 
7/13/89 I 0.382 ! 
0.143 I 
7/27/89 2.028 0.89 
0.515 0.316 0.218 0.444 0.561 6.036 0.321 
8/17/89 1.268 
7.662 0.628 
8/31/89 1.745 1.208 0.17 0.625 0.17 
0.272 2.214 1. 723 3.835 0.318 
9/13/89 0.108 0.085 0.156 1.164 
0.07 0.233 7.67 
9/29/89 <0.005 0.17 0.09 0.35 
.025 0.026 0.027 5.713 0.042 
10/26/89 1.577 
0.13 6.177 
12/ 12/891 *.798 
3/14/90 I 0.114 
0.034 3.300 
0.069 0.090 1.340 
I 
3/27/90 I 0.069 122(.11) 0.058 .078 0.060 057(. 063) .120(.132) 0.516 I 0.097 092(.122) 0.200 .278 077(.ll3) .224(0.183) 2.116 .141 
4/10/90 *0.ll2 *0.157 \*0.0549 *0.05 *0.092 *0 .133 5.365 *0.556 
I 0.088 
I 
4/26/90 1*0.113 0.112 0.56 -0.15 . 066(. 029) .055 *1.644 1-1.480 
0.005 0.154 .029 
5/14/90 0.105 c;x::l 0.010 0.127 2.120 
0.127 0.206 1.928 3.782 .234 
6/1/90 0.210 0.091 0.145 2.982 
I""'" 
0.025 0.049 0.040 0.217 1.731 3.098 
*0,092 *0.068 .177(.156) *1.775(1.842) 1. 820 (. 992 ) 
0.097 
7/26/90 2.678 1.854 
1.382 
18/28/90 3.466 
I 
0.178 1.665 ~.139 
9/27/90 *0.140 I *0.290 0.090 3.120 : 
0.040 '0.110 a 110 1.700 1 650 
* Combined sample from both samplers at site 
( ) This sample is filter and unpraserved with acid 
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Table 12. Summary of Nitrate-Nitogen in water sample. collected from the Field. The 
two line. for a given date represent data from the two samplers at the indicated site. 
All data are in mil1igrama/liter. 
Date Field Site 
Special Service District, Sewer Farm Dairy Lagoons 
Site 11 Site 2 ~ite 3 Site 4 Site 5 ! Site 6 I Hicken I Price I 
5/10/89 I 
I 
5/18/89' 19.321 16.51 8.89 20.65 11.06 
I 
24.13 
I 34.49 
I 
I 80 .16 86.35 1.61 
21.45 14.25 i 20.93 i 18.19· 36.46 6.91 j 106.1 9.63 ! i 6/1/89 11.13 GO 23.16 i 24.28 38.16 13.21 56.54 
9.13 19.16 46.17 
I 
19.41 25.15 , 42.73 115.11 119.6 
6/22/89 22.4 ! 23.591 : 81.8 
27.98 i i , 10.09 
I I I 
I I 
7/13/89 ! 0.08 I 
I j i 
1127/89 14.74 I 39.391 31.98 18.98 45.3 27.2 5.76 6.91 102.1 I 
8/17/89 
1 
29.18 
I 2.78 <0.01 
I I 8/31/891 2.4 1.51 22.54 22.37 23.13 
I 
3.28 8.51 1.79 0.1 I 0.22 
9/13/891 0.76 0.89 0.57 19.05 
I 0.72 3.83 63.34 
9/29/ 89 1 3.22 0.917 <0.01 14.55 
1.535 1.37 .04 54.17 1.722 
10/26/8j 12.67 
1.19 44.58 
3/14/90 I 4.78 0.89 1. 21 
3/27/90 15.83 20.13(19.24) 15.85 4.37 14.80 4.75(3.84 8. n(1.54} 0.09 
19.29 16.32(16.03) 3.40 3.98 1.92(1.71 17.18 1.30 2.44 
14/10/90 "'17.88 "'7.87 "15.87 "'1.53 "'3.02 "'17.87 8.05 "'23.68 
14.32 
I 
i 4/26/90 "'12.88 13.94 14.51 "'2.27 "'24.12 2.52 "'7.33 "'24.53 
I 
2.75 0.94 
5/14/90 3.30 4.40 10.73 40.05 28.17 1.18 
7.09 4.96 11.85 
6/1/90 5.53 1.09 38.73 91.12 
2.31 1.62 0.95 8.37 42.81 67.17 2.05 
)6/14 / 90 I 
I 6126190 "'3.18 *0.73 
I 
20.44(81.95) *89.46(*1.83 23.24(90.94} , 
! 7/26/90 I 192.90 
, 82.00 107.2 , 
: 8/28/90 102.00 
I "'0.19 
73.17 97.01 
I 0.43 121.80 i 9/27/90 *1.88 
o 72 1 21 5.03 94 00 119.55 
* Combined sample from both samplera at site 
( ) This sample is filter and unpreserved with acid 
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Table 13. Summary of Ammonia-Nitogen in water samples collected from the Field. The 
two lines for a given date represent data from the two samplers at the indicated site. 
All data are in milligrams/liter. 
Date Field Site 
Special Service District Sewer Farm 041 
1 Site 2 i Site 3 I Site 41 Site 5 iSite 6 
5/10/89 I 0.89 I 2.26 
\5/18/89 
I 
0.06 <0.05 0.013 0.26 0.09 0.05 1.55 0.43 
0.09 0.07 0.49 i 3.64 0.05 0.37 1.32 0.05 
6/1/89 QO 0.07 QO QO QO QO 0.75 0.06 
0.05 <0.05 <0.05 QO QO 0.44 0.39 
6/22/89 0.4 
0.07 0.07 0.87 0.63 
7/13/89 QO 
7/27/89 1.16 0.48 0.18 0.32 0.28 0.06 
1.16 0.48 0.13 
8/17/89 0.2 0.07 
0.18 
8/31/89 3.17 0.23 0.4 0.16 0.18 
0.12 0.38 0.18 0.14 0.13 
9/13/89 0.14 QO 0.09 0.11 
0.18 0.35 0.09 
9/29/89 0.12 QO QO 0.11 
0.08 0.27 0.07 0.06 0.21 
10/26/89 0.07 
0.12 <0.05 
3/6/90 0.16 0.06 
0.16 
3/14/90 0.67 3.49 
0.07 .14 
! 
3/27/90 0.22 .07«.05) 0.11 0.16 2.01 .72(.52) 4.31(3.88) 0.06 
<0.05 .12(.08) .07(.05) 0.56 <.05(.05) .16«.05) 0.26 
4/10/90 *2.33 <0.05 *0.06 *0.08 *0.19 *0.06 4.18 *0.11 
I 0.11 
14/26/90 *0.12 0.11 <0.05 *0.15 *1.15 0.06 *0.61 *0.74 
I QO <0.05 <0.05 
5/14/90 0.11 QO QO 0.33 <0.05 2.16 
0.05 0.19 0.07 
6/1/90 0.12 0.11 0.18 0.12 
0.07 0.07 0.23 0.08 0.55 
.6/14/90 
6/26/90 *0.13 *0.12 0.10 .13«.05) *<.05«.05 .09( .05) 
7/26/90 0.05 
0.11 0.12 
8/28/90 0.07 0.08 
0.13 0.06 
9/27/90 *0.34 0.10 *0.84 0.21 0.05 0.09 
o 18 0.13 a 06 
* Combined sample tram both samplers at site 
( ) Thi. sample i. filter and unpre.arvad with acid 
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Table 14. Summary of Kitrate-Kitrogen plul Ammonia-Kitogen in water samples collected from 
the Field. The two linel for a given date represent. data from the t.wo samplers at the 
indicated site. All dati Ire in ~illigrams/liter. 
'Date 
15/10/89 
I 
15/18/89 
I 
611/89 
6/22189 
7/13/89 
7/27/89 
8/17/89 
8/31/89 
9/13/89 
9/29/89 
: 
! 
i 
! 
i 
I 
10/26/ 89 1 
I 
3/6/90 I 
3/14/90 I 
I 
I 
I 
3/27/90 I 
I 
"/10/90 
4/26/90 
15/14/90 
16/1/90 
I 
I 
16/14/90 
I 
I 
! 
Field Site 
Special Service District, Sewer Farm 
Site 11 Site 2 'Sit.e 3 Sit.e 41 Site S 
19.38' 16.56 8.97 20.91 17.15 
21.54' 14.32 21.42 22.431 36.51' 
11. 731 .07 23.16 24.281 38.76, 
9.18! 19.81' 46.82 19.47i 25.15 
22.47 ~ 24.461 
28.05 
.08; 
15.90 39.87, 32.16; 
28.36 
, 
, 
5.57 1.74 I 
3.40 8.89 i 
.90 .89! 
.90 4. 18 i 
.
92 1 3.34 
1.62 1. 64 ! 
1.31 
.16 
4.78 
16.05 20.20(19.29) 15.96 4.53 16.81 
19.34 16.44(16.11) 3.47 4.54 
*20.21 *7.92 15.93 *1.61 *3.21 
13 14.05 14.56 *2.42 *25.27 
2.80 
3.41 4.40 10.73 40.38 
7.14 5.15 
5.65 1.20 38.91 
2.31 1.69 1.02 8.60 
---,-~ 
Dairy Lagoons 
Site 6 Sicken I Price 
25.02 
36.75 
7.7Z 81.71 86.78 
7.34 107.42 9.68 
13.21 .75 56.S0 
43.17 115".77 119.99 
82.20 
70.72 
19.30 , 4S.58 .06 
6.24 7.04 102.10 
i I I 29.38 .07 
i 2.96 .01 
, 
22.94 i 22.53 23.31 
1. 97 I .24 .35 
I 
.66 , 19.16 
i 63.43 
I 
<.01 
I 
14.66 
.12 54.23 1.93 
i 12.74 I 44.63 
I .06 
.16 
1.56 4.70 I 
.07 .14 i 
I 
5.47(4.36 13.08(5.42) .15 
1.97(1.76 17.34 i 1.56 
*17.93 12.23 ! *23.79 
14.43 , 1 
2.58 *7.94 I *25.27 
.99 
28.22 3.34 
17.92 
91.24 
42.89 67.72 
6/26/90 *3.31 *.85 .10 20.57(82.0) 89.51*1.88) 23.33(90.95) 
I 
7/26/90 ! 192.95 82.11 107.32 
8/28/90 102.07 
.13 73.23 97.09 
9/27/90 *2.22 *1. 03 .64 
• 
121.85 
90 1. 31 5 16 94 06 119.64 
* Combined sample from both samplers at site 
( ) This sample i. filter and unpre.erved with ecid 
.'~ . 
" 
In examining the total Phosphorus in Table 
11 it should be noted that there is considerable 
variability in the concentrations. The smallest 
reported amount of total P. is less than .005 mg/I at 
Site 1 of the sewer farm on 9/29/89. and the largest 
amount of 7.67 mg/I occurred on 9/13/89 at the 
Hicken Dairy, with other readings from samples of 
water from the samplers at the Hicken Dairy with 
nearly this same concentration. It is interesting to 
note that the amounts of reported 
'orthophosphorus, or what is called 'cold acid 
hydrolyzable phosphorus' was 0.214 mg/I from the 
same water sample with the minimum total P. of 
< .005 at site 1 at the sewer farm on 9/29/89, and 
on 9/13/89 the same water sample from the Hicken 
Dairy that contained the maximum total P. was 
reported to have an ortho-P concentration of 7.673 
mg/I e.g. the same as that for total P. (see Table 
10.). Some of the descrepencies, and small 
reported values are likely due to errors in making 
the determinations, or reporting them, by the State 
Health Laboratory. However, since it is not 
possible to determine definitely which data are in 
error they are all included in the tables. 
The concentrations of a/l these nutrients is 
largest from the samples collected from the Hicken 
Dairy, but the variability is quite large also. This 
variability may be due in part to the influence of 
water that was applied by a sprinkler irrigation 
system to the area where the samplers were 
installed. These samplers at the Hicken Dairy were 
installed approximate 2 feet from the west side of 
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the lagoon. but across the fence on the public 
school side, and a sprinkler system did irrigate this 
area. When the sites for the samplers were 
selected this was unknown, or else the samplers 
would have been installed on the other side of the 
fence, but there they were more likely to have been 
damaged by the farm animals. 
The quantities of Nitrogen (Tables 12, and 
14) show many concentrations in the teens, and 
some above one hundred milligrams per liter. The 
largest concentration of Nitrate-Nitrogen. NOs at 
192.9 mg/I was obtained from the Hicken Dairy July 
26, 1990. Another reading from this same dairy was 
121.8 on Sept 27, 1990 and in the sample from the 
4 foot deep sampler at the Price Dairy the Nitrate-
Nitrogen concentration was 119.6 mg/l on June 1, 
1989. Other concentrations of NOs above 100 
were from samples from the Hicken Dairy lagoon 
on May 18, 1989 (106.1 mg/Q, on June 1. 1989 
(115.77 mg/Q. Aug 28, 1990 (102.0 mg/Q and on 
Sept. 27, 1990 (121.8 gm/O. On July 27, 1989 the 
water collected by the 4' deep sampler at the Price 
Dairy showed a concentration of 102.1 mg/l, on 
Table 15. Amounts of important parameters of the canal water 
and the treated sewage water. 
Parameter Concentration 
Canal Irrigation Water 
Electrical Conductivity 182 umbos/em 
total Phosphorus, P 0.043 mg/liter 
Nitrate-Nitrogen, N03-N 1.70 mg/liter 
"cold acid hydrolyzable P",ortho-P . 034mg/liter 
Sewage Irr1gation Water 
Electrical Conductivity 994 umbos/em 
total Phosphorus, P 2.03 mg/li ter 
i Nitrate-Nitrogen, N03-N 2.76 mg/liter 
I 
"cold acid hydrolyzable P",ortho-P 1. 57 mg/liter 
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July 27, 1989, 107.2 mg/I on July 26, 1990 and 
119.55 mg/I on Sept. 27, 1990. 
In examining data for Nitrogen 
concentrations from the sewer farm there seems to 
be a general decrease in these concentrations 
from the spring time into the fall months for both 
the 1989 and the 1990 years. This occurred even 
though most of the samplers were dry indicating 
that very little soil water was moving downward at 
a depth of approximately 1.5 feet where the 
sampler heads were located. This decrease in 
N03-N during the summer suggests that, even 
though alfalfa is a crop that can 'fix' nitrogen in 
soils, nitrogen is taken up by the growing plants 
and consequently the levels of nitrogen in the soil 
water decrease during the summer months, and 
then must increase during the winter and early 
spring, some of which may be due to the 
application of fertilizers. The concentrations N03-N 
from the soil water samples are considerably larger 
than those in the treated sewage water used to 
irrigate the farm. 
A number of bar graphs are given in Figure 
24 through 37 to help in visualizing what the field 
data show. In understanding these figures noticed 
that for each date there are two sets of 6 bars for 
the two samplers that exist at each site. These 
have been called well #1 and well # 2. The 
depths of these two samplers (i.e. wells) are given 
in Table 9. Figures 24, 25, 28, 29 and 30, which 
display the 4 chemical of special interest from the 
sewer farm sites, plot data from 1989 in the upper 
portion of the figure and data from 1990 in its lower 
portion. Figures 26 provides a plot of the ratios of 
the concentrations of total phosphorous to total 
phosphorous in the good quality canal water, and 
Figure 27 provides a similar plot or ratios but for 
the poorer quality treated sewage water used for 
irrigation during the latter portion of the summer. 
These latter two figures are just for year 1989, 
since it was only during this year that the quality of 
the irrigation waters were determined. Ukewise 
Figures 31 and 32 show similar ratios of Nitrate-
Nitrogen. It can be noted from these figures that 
the total phosphorus in the soil water is several 
times larger (up to 45 times as large) as that in the 
canal water, but always less than (with an average 
of about 0.1) of that contained in the treated 
sewage water used for irrigation. A number of 
factors are involved in this including the uptake of 
phosphorous by the growing plants, the application 
of fertilizers, and the storage of the phosphorous 
within the soil. On the other hand the graphs 
giving the ratios of N03-N to the canal and treated 
sewage water are greater than unity in both cases, 
Le. the water in the top soil of the sewer farm 
contains more N03-N than the poorer quality 
treated sewage water. 
In examining these graphs that show the 
ratio of concentration to the concentration of canal 
or treated sewage water, Le. C/Co, one should not 
interpret the results as implying that nutrients are 
being diluted, or concentrated in passing through 
the soil prOfile, however. Rather these graphs 
simply illustrate the magnitude of the chemicals by 
comparison. If the former interpretation is used 
then the first portion of Figures 26 and 31 would 
apply through June when irrigation of the sewer 
farm changed from canal to treated sewage water, 
and the latter portions of Figures 27 and 32 would 
apply for months of July, August and September. 
However, because of the very limited number of 
samples that were obtained during the later 
summer and fall months, and the lag time for the 
soil water to reach the position of the vadose 
samplers, especially since very limited soil water 
movement occurred at these depths, any such 
interpretation must be tempered with judgement, 
since the concentrations in the soil are time 
dependent, due to past histories occurrences, and 
chemical reactions that may be occurring. 
From Figure 26 note that the ratio of 
concentrations of total phosphorus to that in the 
canal water used for irrigation during the first 
portion of the growing season is roughly equal to 
10, and that the majority of the water samples 
collected from the unsaturated soils contain at least 
5 times as much totaJ phosphorus per liter as the 
canal irrigation water, and on July 27 the sample 
from site 6 contained nearly 50 times as much. On 
the other hand Figure 27, which displays the ratio 
of the total phosphorus content to that of the 
treated sewage irrigation water, note that the 
majority of the samples from the unsaturated soil 
water contain less than one-third as much Total 
Phosphorus. The sample with the largest 
concentration that was taken July 27. 1989 from 
site 6, has approximately the same concentration 
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Figure 24. Concentration at 'cold acid hydrolyzable phosphorous' from the water samples from the 
vadose zone samplers at the six sites aI the sewer farm. 
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Figu;e 25. Concentrallon of lotal phosphorous Ironllhe water samples from the vadose zone samplers 
at the six sites aI the sewer farm. 
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Figure 26. Ratios of concentrations of total phosphorus from the water samples 
obtained from the from the vadose zone samplers at the six sites at the sewer farm to the 
total phosphorus in the canal water. Two samplers exist at each site and therefore on 
this figure there are up to two sets of 6 bars associcated with each data along the 
abscissa. 
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Figure 27. Ratios of concentrations of total phosphorus from the water samples 
obtained frolll the from the vadose zone samplers at the six sites at the sewer farm to the 
total phospllorus in the treated sewerage irrigation water. Two samplers exist at each 
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Figure 28. COflCentration of Nitrate-Nitrogen. N03-N. from the water samples from the vadose zone 
samplers at the six sites at the sewer farm. 
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Figure 29. Concentration of Ammonla·Nitrogen from the water samples from the vadose zone sampters 
at the six siles at the sewer farm. 
I 
50 
45 
~ 
E 40 
g 
8' 35 
~ 
l! 30 j 25 
.. 
.a. 20 
i 8' 15 
.iii 
z 
<i> 10 
l! 
... 
Z 5 
o 
45 
40 
~ 35 
e: 
III 
~ 30 
2 
~ 25 
~ 20 ~ 
c 
~ 15 
~ 10 
... 
Z 
5 
o 
• Site 11 0 Site #2 • Site 13 • site #4 !ill) Site '5 9 Site '6 
~.LJL-;-JL-t-----t~~.&...Jiit--lIL..ilt--I...IifI--'~--'1I I I!!,. I!I...I " I 
welt It well'2 weU.' well #2 'MIM" w..a 112 MtU #1 ...... '2 r wel' #1 welt'2: w.lIlI~ w.it,2 
5/18189 6/1/89 6/22189 7/13/89 7/27/89 9/13/89 9/29/89 10126189 
DATE 
. 3/6/90 3114/90 3/27/90 4/10/90 6/26190 
DATE 
Figure 30. Concentration at NltratS-Nitrogen plus Ammonla·Nltrogen from the Walei' samples from the 
vadose zone samplers at the six sites aI the sawer fann. 
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Figure 33 . Concentration of ·cold acid hydrolyzable phosphorous· from the water samples from the 
vadose zone samplers at the Hicken and Price dairy farms. 
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Figure 34. Concentration of total phosphorous from the water samples from the vadose zone samplers 
at the Hicken and Price dairy farms. 
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Figure 35. Concentration of Nitrate-Nitrogen. N03-N. from the water samples from the vadose zone 
samplers at the Hicken and Price dairy farms. 
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Figure 36. Concentration of Ammonia-Nitrogen from the water samples from the vadose zone samplers 
at the Hicken and Price dairy farms. 
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Figure 37, Concentration of Nitrate-Nitrogen plus Ammonia-Nitrogen from the water samples from the 
vadose zone samplers at the Hicken and Price dairy farms, 
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as the sewage irrigation water. 
When it comes to Nitrogen. however. the 
soil water samples are more concentrated than the 
treated sewage water. This fact is shown best by 
Figure 32, where the high of many bars is above 
the 6 of the ordinate. 
Figures 33 through 37 contain bar graphs 
showing concentrations from the samples taken 
from the two dairies. It is interesting to note that 
during 1989 that the concentrations of total P (and 
ortho-P) were considerably larger from the Hicken 
Dairy than the Price Dairy. This difference is not 
noted in the case of the 1990 data, which show 
approximately the same concentration. The 
concentrations of Nitrogens are about the same at 
the two Dairies. The explanation for the above 
observation is not known. Because the samplers 
at the Hicken Dairy are located beneath Jawn grass 
that is sprinkler irrigated on a daily basis by the 
adjacent school, if anything one might expect these 
samples to have been diluted by the better quality 
irrigation water. The above results suggest that 
very little. if any dilution occurs. becaUse either all 
the irrigation water is consumptive used by grass 
(which would seem unlikely because observations 
of several such irrigations left a soggy surface) or 
that the samplers are within the seepage zone 
created by the lagoon. The latter is believed to be 
true. 
Table 16 contains the average and 
standard deviations of the values from Tables 10, 
11, 12 and 13. The average concentration of total 
phosphorous from all the samples equals 0.913 
mg/l, with the average concentration from the 6 
sites on the sewer farm equal to 0.247 mg/I and 
that at the two dairies equal to 2.158 mg/I. or about 
an order of magnitude larger than from the sewer 
farm. The smallest average of 0.247 mg/I of total P. 
(or 0.185 mg/I of ortho-P) which comes from the 6 
sites on the sewer farm is an order or magnitude 
larger than the 0.025 mg/I set by the Utah State 
Department of Wild Life for ortha-P in lakes and 
reservoirs. 
The average concentration of Nitrate-
Nitrogen is 24.913 mg/I from all samples, (or more 
than an order or magnitude greater than that of 
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total P) with the average from the 6 sites on the 
sewer farm equal to 11.775 mg/I and from the 2 
dairies equal to 48.799 mg/1. The standard 
deviations of these concentrations, as shown in 
Table 16 is of about the same magnitude as the 
average value. These concentrations of N03-N are 
in excess of the 10 mg/I limit for drinking water, 
with the average of 11.775 mg/I from the 6 sites at 
the sewer farm only slightly in excess thereof. In 
any event these waters as they enter the 
groundwater system will tend to decrease the total 
groundwater quality, and if taken without dilution 
with better quality waters are not fit for human use, 
and if large quantities enter the groundwater will 
deteriorate its water quality. 
It will be pointed out later from analyses of 
the flow through the unsaturated soil at the sewer 
farm that during years 1 989 and 1990 very small 
amounts of percolation occurred from the sewer 
farm. It is believed that essentially all of the 
nutrients entering the Hicken Dairy lagoon 
eventually end up in the groundwater. However, 
Mr. Hicken plans to build another dairy lagoon. 
Table 16. Averages and Standard Deviations 
; Obtained From I No. Average St. Dev. I 
obs l!!Jlil <T mJtil 
I I 
"Cold acid hydrolyzable ehosehorus" 
All samples 164 0.784 1.359 
6 sites,sewer farm 106 0.185 0.216 
both dairies 57 1.864 1.849 
Hicken Dairy 38 2.382 1.990 
Price Dairy 19 0.956 0.870 
Total Phosehorus 
All samplell 152 0.913 1.483 
·6 sites,sewer farm 99 0.247 0.395 
both dairies 53 2.158 1.915 
Hicken Dairy 36 2.590 2.070 
Price Dairy 17 1.242 1.112 
Nitrate-Nitroaen 
All samples 155 24.913 33.146 
6 aite.,.ewer farm 100 11.71S 1l.S48 
both dairies 53 48.799 44.587 
Hicken Dairy 36 50.547 44.376 
Price Dairy 19 45.487 46.015 
~nia Nitro5en 
All samples 148 0.401 0.760 
6 sit.s ..... r farm 90 0.334 0.603 
both dairiell 58 0.504 0.951 
Hicken Dairy 38 0.613 1.114 
Price DdX'Y 20 0.296 a 478 
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OBSERVATION OF DEPTH TO WATER 
TABLE IN SEWER FARM AREA 
During the winter of 1989 Richard Turner, 
a property owner immediately west of the sewer 
farm, drilled a well to supply the water needs for a 
log house he was building. Mr. Turner consented 
to have us measure the depth to the ground water 
table in his well, and since this well was in an ideal 
location to monitor the depth to saturated 
groundwater in this area of Heber Valley, this depth 
was measured periodically during the summer of 
1989. Data from these observations are contained 
in Table 17. The height of the top of the pipe 
casing from which the depth measurements were 
made was 1.7 feet above the ground level. 
Therefore, the depth to groundwater is 1.7 feet less 
than the values in Table 17. These depths are 
plotted in Figure 38. Practically no pumpage 
occurred from this well. The only water used from 
it during 1989 was for drinking water for workers 
while building the new home. 
It is interesting, but not surprising that the 
smallest depth of water table was observed on July 
13, some time after the major spring runoff had 
Table 17. Depth from top of casing to water table 
in Richard Turner's well. jJ 
Date of observatio~I.DePth to Water 
April 21,1989 39.08 ft 
May 12,1989 43.37 ft 
July 13,1989 23.70 ft 
Aug. 17,1989 29.50 ft 
Aug. 31,1989 30.80 ft 
Sept. 29,1989 32.50 ft 
Oct. 26,1989 33.91 ft 
Aug. 28,1990 29.25 ft 
Sept. 27,1990 32.67 ft 
Oct. 19,1990 33.96 ft 
11 Chemical data for this well are given in Scott 
Korom's PhD dissertation, 1991, Dept. of Civil 
& Environmental Engineering, Utah State 
University. 
occurred. The delay in the rise of the water table 
after the major recharge would be anticipated 
because of the lag due to the slower movement of 
the water through the aquifer. However, the 
magnitude of the water table rise of nearly 20 f~et 
represents a large amount of water. The porosity 
of the material is roughly equal to 0.4, and if the 
effective porosity is one-half of this amount, then 
the 20 ft rise in the water table that was observed 
between May ·12 and July 13 is equivalent to a 
water depth of 4 ft. 
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ANALYSES TO ESTIMATE SEEPAGE 
OF NUTRIENTS TO GROUNDWATER 
FROM SEWER FARM 
BACKGROUND 
A final goal of this project is to estimate the 
amounts of phosphorus and nitrogen that are 
leached through the farmed area of the Heber 
Valley Special Service District, i.e. the sewer farm, 
into the saturated groundWater aquifer beneath this 
area. Since there is only a minor amount of 
removal of groundwater downflow from the sewer 
farm these quantities will eventually end up in Deer 
Creek Reservoir. Field measurements have been 
obtained over the late spring and summer months 
of 1989 and spring and summer of 1990, as 
described earlier in this report, from vadose-zone 
samplers that have obtained water samples of the 
water at depths of 1 1/2 feet, or slightly deeper 
within this area. One somewhat surprising 
discovery was that during the summer months of 
July. August and September the top soils were 
relatively dry at the depth of the samplers even 
immediately after irrigation. The same less-than 
fully-saturated soil water conditions occurred 
during the period of snowmelt during March of 
1990. 
These conditions indicate that the farming 
practices are such that the amount of irrigation 
water applied is not sufficient for the soil water at 
the depth of the samplers to reach field capacity 
during the summer months. Averaged over long 
times evapotranspiration utilizes the soil water at 
average rates in excess of the application rates 
such that the soil profile becomes drier from the 
early spring months through the summer. This fact 
is revealed at least for the farming operation during 
two years of this study since the vadose-zone 
samplerswere collecting soil water samples during 
May, June, and the first part of July, but most of 
them failed to pull in water samples later during the 
summer. In other words the soil water tensions at 
the depths of the samplers was larger in magnitude 
than the 1/3 atmosphere of tension that was within 
the vadose-zone samplers. This condition existed 
even shortly after the fields were irrigated by the 
sprinklers. 
In the spring of 1990 the ground was 
generally still frozen during the time of most rapid 
snowmelt and consequently even at this time of the 
year the soils at the 1.5 ft depth of the samplers in 
the sewer farm area were saturated for very short 
periods of times, if at all. It is likely that even 
during this time that the soil water was under 
tension. 
UNSATURATED FLOW 
To provide a rough quantification of the 
amounts of seepage that might be occurring under 
these conditions a relative simple computer 
analysis of the unsaturated flow process is done in 
this section of the report. First a basic background 
is provided to unsaturated flow in porous media, 
and thereafter, the results from these computations 
are utilized to estimate what quantities of 
phosphorous and nitrogen are leaving the area of 
the sewer farm and entering the groundwaters of 
Heber Valley. 
Considerable research has been devoted 
to defining relationships between important 
variables in a partially saturated soil-water-air flow 
system (Burdine, 1953, Corey and Rathjens, 1956, 
Gardner, 1951. and 1958, Laliberte and Corey. 
1967, Laliberte, Brooks and Corey. 1967). These 
studies have established relationships among the 
following three important variables: (1) moisture 
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saturation, S, (2) relative hydraulic conductivity, K,. 
i.e. the ratio of the unsaturated to saturated 
hydraulic conductivity. and (3) the capillary sail· 
water tension, p. 
It is accepted that the relationship between 
these variables differs rt the sail is being wet up 
(imbibed), or being dried aut, the desaturation 
cycle. For our purposes we will use the very 
simple parametric Brooks-Carey equations for 
these relationships, even though they applies 
strictly only for the desaturation cycle. However, 
considering the roughness of the analysis that will 
of necessity be dane because no unsaturated sail 
water content versus capillary tension data, nor 
relatively hydrauliC conductivities versus capillary 
tension data are available we believe this approach 
is justified. Furthermore. only steady state flaw 
conditions will be analyzed, rather than attempting 
to simulate the time dependent cycles between 
irrigations, since at the depths of the samplers the 
field data indicates the sails remain relatively dry 
even immediately after an irrigation. 
The Brooks-Carey equations define an 
effective saturation that is related to the capillary 
sail water tension of the sail water. p by the 
equation, 
(1) 
in which Sr is the residual saturation of the sail, 
and represents the smallest saturation that sail will 
generally experience under field conditions, i.e. it 
might be taken as the saturation at the plant's 
wilting paint, Pb is the bubbling pressure, or air 
entry pressure, and represents the amount of sail 
water tension that exists in the soil prior to when it 
first begins to desaturate. A rough estimate of the 
bubbling pressure head is the amount of rise of the 
capillary fringe above the p=O line in a soil as the 
water tables is dropping in elevation. The 
exponent ). is called the pore size distribution 
exponent. Its magnitude is large (5 or larger) for a 
very uniform grained soil such as ottowa sand, and 
smaller (i.e. can be less than 1 under some 
circumstances) for a well graded soil that contains 
all grain sizes including silts and clays. The 
method for determining these parameters is 
described in Brooks and Corey. 1964, and Brooks 
and Carey 1966 among a number of other sources, 
but briefly consists of making a plat of pJp versus 
Sa an a log-log sheet of graph paper from data 
obtained from sail tests in which a soil is 
desaturated. On this plot a straight line is fit 
through the data, the slape of which represents the 
pore size distribution exponent, and where this line 
intersects with a horizontal line at the level of Sa = 
1 provides the value of the bubbling pressure. 
The parameters Pb and Sr might also have values 
altered in the straight line fitting process until the 
data does fall along a straight line an the lag-lag 
plot. 
Burdine, 1953, Laliberte and Carey. 1967 
and others utilized theory related to the tortuosity 
of the sail matrix to obtain the relative hydraulic 
conductivity from a pressure - saturation 
relationship. According to this Burdine theory the 
relative permeability. kl" (or hydraulic conductivity, 
~. since they are related by k = (Ill pg) K) is given 
by, 
kr;-~- S 2 .. (2) 
Upon carrying out the integrations in Eq. 2 using 
Eq. 1 as the relationship between p and 5, the 
relative hydraulic conductivity is given by. 
K n~ 2+3>. 
_ _ _ (..t..I<) 
1<0 P 
(3) 
in which Ko is the saturated hydraulic conductivity, 
Il and p are the dynamic viscosity, and density of 
the water, respectively, and the ather quantities are 
as defined above. Thus the two Brook-Corey 
equations (1 & 3) represent a three parameter set 
of equations that allow both the soil water 
saturation and the relative hydraulic conductivity of 
an unsaturated soil to be predicted from the 
parameters, 51" Pb and ).. 
As the negative soil pressure approaches 
the bubbling pressure. Pb' experimentaJ data shaw 
greater deviation from the curveS defined by Eq. 1 
and Eq. 3 than when the soil is drier, particularly 
when deaJing with the imbibing cycle. Others have 
i 
1 
1 
suggested more complicated equations (i.e. 
involving more parameters) than the Brook-Corey 
equations for defining the relationship in this range 
of conditions, but these cannot be justified for our 
purposes at present. 
ESTIMATES OF SEEPAGE THROUGH 
TOP SOIL UNDER SEWER FARM AS A 
FUNCTION OF UNSATURATED 
CAPILLARY TENSION 
Utilizing Darcy's Law V = K vh and the 
above Brooks·Corey Equations, a computer 
program was written to solve for the unsaturated 
flow of water through the upper 2.0 feet of top soil 
at the sewer farm. The results from several 
solutions therefrom were given in Appendix A of 
the previous interim report, 1989 as Tables A-1 
through A-22. Table 18 is given below as a 
duplicate of Table A-19 in the interim report. Each 
line in this table represents a steady state sol~ion 
for a flow condition for which the capillary pressure 
at the bottom and top of the 2 foot depth are 
specified by the values given in columns 1 and 2. 
For example if the pressure equals ..a.5 ft at the 2' 
depth and -2.0 ft at the top, then a seepage rate 
per unit area, or downward velocity, of 1.58 X 10.7 
fps would occur with the degree of saturation equal 
to 0.199 at the top. The flowrate from the 369 acre 
sewer farm into the groundwater for these 
conditions equals 0.0254 cfs, or 16,416 gal/day. If 
this downward seeping· water contained a 
concentration of 2.7 mg/I of total phosphorous, 
then 5035 gram/month or 11 pounds/month will be 
carried into the groundwater. For a concentration 
of Nitrate-Nitrogen of 23 mg/I, this represents 94 
pounds per month. Thus to use Table 18 (or the 
other tables in Appendix of the interim report) soil 
tensions need to be selected. For periods when 
the vadose-zone samplers were unable to extract 
soil water samples because the tensions were in 
excess of 1/3 an atmosphere (or less than -11 ft) 
the proper tension to use at the bottom is - 11 ft 
(and a drier condition existed on the soil surface, 
Ptop = -12.5 ft). Clearly underthis dry condition no 
nutrients are leaving the top soil. Table 20 and 
Figure 37 show some of the variables through the 
two foot profile from the solution from the first line 
71 
of Table 18. 
For all the solutions contained in the 
interim report a value of Sr = 0.15 and a value of 
l. = 1.5 (with a couple of exceptions) were used. 
Two different values of the bubbling pressure head 
Pbh = Pr/Y = 0.3 ft and 0.5 ft were used. The 
saturated hydraulic conductivity Ko was taken 
equal to 5x10-5 fps and assumed constant 
throughout the 2 foot depth of top soil for eight 
solutions. For four other solutions the saturated 
hydraulic conductivity was taken equal to 1 x1 0-5 
fps and assumed constant throughout the 2 foot 
depth of top soil. For all of these solutions the soil 
water tension was assumed to be constant 
throughout the upper 2 foot depth of top soil. The 
solutions give a number of simulated soil 
conditions and flow· rates for different values of the 
soil water tension. These tensions have been 
taken from ..a,3 feet to -10.0 feet. 
Eight additional computer solutions were 
obtained in which the saturated hydraulic 
conductivity Ko was assumed to vary linearly from 
5x10-5 fps at the bottom of the 2 foot depth to 
5x10"'" fps at the top of the profile. In other words 
for these solutions the hydraulic conductivity was 
taken equal to an order of magnitude larger at the 
top of the soil than at the two foot depth. This 
variation in Ko seems justified since a more active 
plant root system exists at the top where the soil 
water exists after irrigation. The manner in which 
these parameters have been varied for these 
solutions are summarized in the second column of 
Table 19, and the first column in this table 
references the complete solution table given in the 
interim report. 
From all these solutions the amount of 
Phosphorous and nitrogen that might be carried by 
the downward seepage of water have been 
estimated. These estimates have been baSed on 
largest concentrations of these nutrients that were 
measured from the soil water samples taken from 
the vadose-zone samplers in the sewer tarin, for 
both the spring and the fall months. For the spring 
months the concentration of the phosphOrous was 
taken as 0.35 mg/l, and the concentration of the 
nitrogen was taken as 47 mgll. For the fall 
months the concentrations were taken as 2. 70 mg/I 
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Table 18. Grams of total Phosphate and Nitrates that might be leached through 2 feet of unsaturated 
top soil as a function of soil water capillary tension per month. Model is based on the 
Brooks_Corey equations using the following parameters: Ko(bot) S 5 x 10-5 fps, Ko(top) .. 
5 x 10 4 fps, Pbh - -0.3', A .. 1.5, Sr - 0.15. and assuming that the soil 
I 
i 
, 
profile has e constant capillary tension equal to the value in the first column. 
Steady-State flow analysis based on concentration of total phosphates as 
2.70 milligrams/liter. and concentration of nitrates of 23 milligrams/liter. 
Soil Tension I Seepage I Degree' Volumet. i Total Phosphate Ni tratas 
amount/mo rate I amount/mo bottom I tOP I rate Sat. I Flowrate I rate (ft) (ft) q(fos) Sto' (cfsl ("rlsecl ("r/mo . (lb-/mol (2rlsecl ("rIma) (lb/mo) 
-.50 -2.00i.1580E-08 .19~! .2540E-Ol .1942E-02 5034 i II .1654E-01 , 42882 : 94 
-.60 -2.10 .112LE-08 .196 .1802£-01,.1378E-02 3571 ' 7 . 1174E-Ol I 30422 : 
67 
-.70 -2.20 .8084E-09 .193 .1299E-Ol .9934E-03 2574 5 .8462E-02 219341 48 
-.80 ! -2.30 . 5896E-09 .190 .9476E-021.7245E-03 1877 4 . 6172E-02 15997 35 
-.90 -2.40 .4355E-09 .188 .7000E-02 :.5352E-03 1387 3 .4559E-02 11817 26 
I : 
-1. 00 I -2.50 .3256E-09 .185 . 5233E-02 I.4001E-03 1037 2 .3408E-02 8834 19 -1.10 -2.60 .2458E-09 .183 .3950E-02 .3020E-03 782 1 .2573E-02 6668 14 
-1.20 -2.70 . 1872E-09 .182 .3009E-02 .2301E-03 596 1 . 1960E-02 5079 11 
-1.30 -2.60 .1440E-09 ,180 .2315E-02 . 1770E-03 458 1 .1508E-OZ 3908 8 
-1.40 -Z.90 . 1115E-09 .178 . 1792E-02 1370E-03 355 0 . 1167E-02 30Z5 6 
-1.50 -3.00 .8726E-l0 .177 .1403E-02 .1072E-03 277 0 . 9134E-03 Z367 5 
-1.60 -3.10 .6864E-l0 .178 . 1103E-02 8435E-04 Z18 0 . 7186E-03 188Z 4 
-1.70 i -3.20 .5444E-l0 .174 .8751E-03 6691E-04 173 0 .5699E-03 1477 3 
-1.80 1-3.30 .4337E-l0 .173 . 6972E-03 .5330E-04 138 0 .4541E-03 1176 2 
-1.90 -3.39 .3488E-l0 .172 . 5607E-03 .4Z86E-04 111 0 .3851E-03 I 946 2 
-2.00 -3.49 .2815E-10 .171 . 4525E-03 . 3459E-04 89 0 .2947£-03 763 1 
Table 19. Summary of result from computer solutions of unsaturated that predict possible transport of phosphorous 
and nitrogen into the groundwater through the upper two feet of unsaturated top soil at the s&wer farm. 
,Table 
i 
Saturated Pbh ' Sprin2(P-.35m2/1·N-47m2/1) Fe111P-2 7m~/l'N-'~m~/1} 
I Nos. Conductivity (ftll nlftl P( lbs !mo N(lbsfmol t'!(ftl pilbs Imo II N( lbs /mo)1 
A-l &. 5 Kos5xl0-~ (constant) -0.5" -. 7( con. ) 5108 686062 -Z.O(con. ), 42 365 I 
A-Z &. 6 Ko·SX10-5 (constant) -0.3 - .5(con. ) 1644 220891 -2.0(con. ) 1 13 
A-3 &. 7 KosSX10-5 (constant) -0.5 -. 7(con.) -2.0(con. ) 42 365 I i A-4 oS. 8 Ko-SX10-S (constant) -0.3 -. 5(con.) 
A-9 Koslx10- 5 (constant) -0.5 -.7(con.) 10Z1 13721Z I I 
A-10 Ko·lx10-S (constant) -0.3 -.S(con. ) 328 44178 1 A-ll(A=Z) Ko"h:l0-5 (constant) -0.5 -.7(con.) 616 8283Z 
A-12 (,\-Z) Ko"lxl0-S (constant) -0.3 -.S(con. ) 1SZ 20S3Z 
L--
A-15 oS. 19 K -5e- S 'K -Se-4 
..-:- '-- 3 o(bot) • o(top) -0.3 -.5(bot);-2.(top) 1 193 -Z.(bot);-3.S(top) 0 
Ko(bot)-5.-S;Ko(toP)SSe-4 A-1S &. 20 -O.S -.7(bot);-Z.(top) 
A~17 &. 21 K -Se-5 'K -Se-4 -0.3 -2.(bot);-1.(top) o(bot) , o(top) 
A·18 &. 22 K sSe-5 ·Ko _S.-4 -O.S -3.2(bot);-2.(top o(botl ,(top) 
for phosphorous, and 23 mg/I for nitrogen. The 
prediction of nutrients are based on an irrigated 
area of 369 acres, and on 30 days in the month. 
Since these are the largest concentrations that 
were measured from the field, the amount of these 
nutrients that are carried into the groundwater will 
be on the high side provided the unsaturated soil 
parameters are appropriate, and the appropriate 
soil water tensions are selected. 
The last columns in Table 19 summarizes 
20 2734 -2.(bot);-3.5(top) 0 9S 
16 2278 -4.(bot);-2.7(top) 43 373 
10 1362 -4.(bot);-Z.7(top) 42 363 
the values from the individual solutions that predict 
the amount of phosphorous and nitrogen in 
pounds per month that might be moving into the 
groundwater for a spring and a fall month. For the 
spring month it was assume that the soil water 
tension in the soil at the 2 ft depth was 0.2 ft less 
than the bubbling pressure head (i.e. if Pbh = -.5 ft, 
then p = -.7 ft, and if Pbh = -.3 ft then p = -.5 ft), 
and for the fall month that the soil water tension 
Table 20. Solution from the first line in Table 18 
through the 2 ft depth of soil profile. 
I 
Position I Pressure Hydraulic Degree Hydraulic 
above head head Saturation Conductivity 
bottom p h S K 
i (ft) (ft) ( ft) fe/sec 
.00 
-. SO -. SO .545 .18070E-05 
.10 -.60 
-.50 .451 .80220E-06 
.20 -.70 
-.50 .389 . 38690E-06 
.30 -.80 -.50 .346 .20174E-06 
.40 -.90 -.50 .314 .1l255E-06 
.50 -1.00 -.50 .290 .. 66567E-07 
.60 -1.09 -.49 .272 .41436E-07 
.70 -1.19 -.49 .258 . 27004E-07 
.80 -1. 28 -.48 .246 .lS356E-07 
.90 -1. 37 -.47 .237 . 1298lE-07 
1.00 -1.46 -.46 .229 . 95325E-OS 
1.10 -1.54 -.44 .223 . 72575E-08 
1. 20 -1.61 -.41 .218 .57199E-08 
1.30 -1.68 -.38 .214 .46581E-08 
1.40 -1. 74 -.34 .211 . 39111E-Q8 
1.50 -1.80 -.30 .208 . 33768E-Q8 
1.60 -1.85 -.25 .205 . 29890E-08 
1. 70 -1.90 -.20 .204 . 27039E-08 
1.80 -1. 93 -.13 .202 . 24917E-08 
1. 90 -1.97 -.07 .201 . 23323E-08 
2 00 -2 00 00 199 22111e-08 
1 
0.5 . , 
' .. 
........... - __ .. ____ Saturation 
--- .. 
-------_ .... _----
-- ..... _--_ .. -- ---- -_ .... - --- ...... 
o 
0.5 fc 1.0 fc 1.5 ft_ - - -2.0 ft 
--
--
-0.5 
Hydraulic Head, h - Ph + Y 
-1 
-1.5 
-2 
Position from bottom to top 
Figure 39. Variacions of pressure head, hydraulic head, and sacuracion chrough 2 
foot profile. (For solucion given in Appendix of Inceria reporc, Table 111-3.) 
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head was -2.0 feet. Again these values would 
result in more vertical flux movement than likely 
actually occurs if the above model is correct. since 
during the fall the vadose-zone samplers had 
tension as high as -10 ft (1/3 of an atmosphere). 
and generally did not extract samples from the 
soilwater, and during the installation of the 
samplers during May 1989. it was evident from the 
consistency of the soils at a 2 foot depth that their 
water contents were well below field capacity i.e. at 
values of p less than -0.5 and -0.6 feet taken 
above. 0Ne believe the soil water tensions during 
installation were generally less than -1.0 ft) 
However. based on these values Table 19 indicates 
that during late summer and earlier fall months of 
August, September. October. etc. less than 50 
pounds of phosphorous per month is moving into 
the groundwater from the sewer farm. The amount 
of nitrogen is less than 500 pounds per month. 
The same relatively large magnitudes of soil water 
tension have existed through the middle of 
December 1989, when only two of the twelve 
samplers within the sewer farm area produced any 
samples from a 1.5 month period, and these were 
relatively small (Le. less then 200 mQ. The same 
pattern of large magnitudes of soil water tension 
during the later summer and fall occurred during 
1990. 
From the summary of solutions given in 
Table 19 the amount of phosphorous moving into 
the groundwater during a spring month, such as 
Mayor June, is from 1 to 5110 pounds per month. 
The amount of nitrogen might vary from 190 
pounds per month to 690,000 pounds per month. 
Estimates of the amounts of nutrients 
arriving in Deer Creek ReservOir from both the 
sewer farm and the two dairys are provided in 
Korom's, 1991. dissertation. The refined estimates 
by Korom include studies of denitrification and 
chemical reactions. 
SUMMARY AND CONCLUSIONS 
This report describes a project, and 
instrumentation that has been installed in the 
Heber Valley to study the possible movement of 
nutrients into the groundwater aquifers and then 
eventually into Deer Creek Reservoir that could 
result in its eutrophication. The installation of 
seventeen field . vadose-zone samplers was 
accomplished during the spring of 1989. Also 
undisturbed cores of top soil were taken from the 
special district sewer farm to the laboratory to 
study the physical and sorptive characteristic of 
this material. Water quality samples were collected 
from the columns of soil taken to the laboratory 
and from the field since the installation of the 
samplers. The following paragraphs briefly 
summarize some pertinent results of this study. 
1. The canal water used to irrigate the 
sewer farm during the spring is of good quality 
(see Table 5) having an electrical conductivity of 
less than 200 umhos and with NH3-Nitrate 
concentrations of less than 0.01 mg/liter, N03- & 
N02-Nitrogen about 1 mgtliter, and total 
phosphorus about 0.03 mgtliter. When the canal 
water was used to irrigate soil columns that were 
obtained from the special district sewer farm the 
leachate absorbed nutrients and the percolate 
contained higher concentrations. The increased 
concentrations of N03-Nitrogen were about twenty 
times that of the canal water, and the 
concentrations of phosphorus averaged about 
twice that of the canal water, but varied from less 
than 1 to 5.5 (see figures 7 - 10). 
2. The treated sewage water utilized for 
irrigation of the sewer farm during the summer 
months is of much poorer quality having an 
electrical conductivity of about 1,000 and with 
nitrogen concentrations generally larger than 1 
mg/I. and total phosphorus concentrations of about 
2 mgtl (see Table 6). When it was used for 
irrigation, the laboratory studies show that the soil 
absorb phosphorous so that the leachate 
concentration was about one-ten as much as that 
of the applied water. Nitrogen concentrations 
increased, however. even when using the treated 
sewage water. (see figures 11 - 14). In summary. 
the laboratory column studies indicate that in the 
spring, when canal water is used to irrigate, there 
is a net leaching of salts and nutrients from the top 
soils. The concentrations of N03-Nitrogen in the 
effluent is in excess of drinking water limits. When 
the treated sewage water is used for irrigation, the 
water samples collected show N03-Nitrogen is still 
leached from the soils in concentrations in excess 
of the influent. and in excess of drinking water 
limits. However the field data indicates small 
quantities of water move below the upper 1 1/2 
especially during the summer and fall months. 
There is a net removal of phosphorous by the soils. 
3. The field data from the special district 
sewer farm indicated that the soils at depths of one 
foot and greater were keep in a relatively dry 
condition during the summer period even shortly 
after being irrigated such that soil water tensions 
were generally in excess of 1/3 of an atmosphere. 
Consequently during the months of July through 
December there will be only small amounts of 
nutrients transmitted into the groundwater because 
there are very minor quantities of downward fluxes 
of water occurring, if the amounts of irrigation water 
are not more than those used during 1989 and 
1990 are not exceeded. During the summer and 
fall months computer analyses attempting to 
quantify amount for nutrient movement through the 
upper two feet of top soil over the 369 acre area of 
the farm indicate that less than 100 gram/month of 
total phosphate enter the groundwater, and less 
than 1,000 grams/month of Nitrate-Nitrogen enter 
the groundwater (see Tables 19). During a spring 
month these estimates give 5,1 00 pounds/month of 
total phosphorous and as much as 690,000 
pounds/month of nitrogen. During wet years the 
quantities of chemicals leached into the 
groundwater could exceed these amounts. These 
values are upper limits for the years of the study. 
4. While field data were only obtained from 
a period in which less than normal precipitation 
occurred, there was no evidence that a significant 
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amount of flushing of nutrients from the top soil 
down into the groundwater occurred during the 
spring snowmelt period. The potential for this 
flushing does exist, however, for wet water years 
and certain climatic conditions. The laboratory 
column tests suggest that leaching may occur 
during wet times since these data showed that 
chemicals conti ned to leach from the columns. In 
his PhD dissertation Korom, 1991 examines the 
possibilites of the top soil retaining these nutrients 
in a nonsoluable form rather than flushing during 
wet time. While no firm conclusions exist it seems 
possible that even when significant percolation 
takes place only a portion of the nutrients will be 
flushed out of the soil. 
5. Liquid waste lagoons from two dairy 
farms were included in the study, the Hicken Dairy 
in Heber City, and the Price Dairy near Charleston. 
The samplers installed adjacent to the Price Dairy 
lagoon have been able to extract only small 
amounts of water samples, even though a couple 
of these samplers should be within the free surface 
seepage zone that would theoretically exist if the 
porous media below and surrounding the lagoon 
were homogeneous. The dry soil conditions at the 
locations of the samplers suggests that very little 
seepage into the groundwater is occurring from 
this lagoon. That little seepage is occurring from 
this lagoon is also suggested by the fact that 
whenever the site was visited during 1989, a small 
stream of outflow was occurring onto the field 
immediately south of the lagoon. The wet soils 
created by this outflow supported a heavy growth 
of plants tolerant of the chemicals in the effluent. 
The planted grain in the field did not survive in the 
area continually irrigated by this effluent. The 
outflow from the lagoon at the Price Dairy was not 
evident during 1990, as it was during the previous 
year. Either waste waters from the dairy 
operations were applied more frequently to the 
land by honey wagon or disposed of by other 
means than directing these waters into the lagoon. 
6. In the case of the Hicken Dairy, which is 
located in the area of the valley underlain by the 
cobbly material, it seems likely that"the majority of 
the nutrients that flow into the lagoon move into the 
groundwater system eventually. During the study 
this lagoon was unable to accommodate all of the 
inflow, and during the spring of 1990 it was 
observed that the overflow formed a small stream 
within the melting snow to the northwest of the 
lagoon. The owner cleaned out the lagoon during 
the summer of 1990 so it would infiltrate the inflow 
coming into it, and plans to construct a new 
lagoon. 
7. While it is perhaps unfortunate that the 
study occurred during a period of less than normal 
precipitation, rather than during a period of above 
normal precipitation when excess percolating soil 
water might transport larger amounts of nutrients 
into groundwater, estimates of phosphorous 
entering Deer Creek Reservoir from the Heber 
Valley Special Service District farm area during 
1989-1990 are relatively small, and the amounts of 
nitrogens can probably be tolerated. 
The potential for pollution of the Deer 
Creek Reservoir from groundwater getting nutrients 
from Dairy operations is of concern. To prevent 
such contamination lagoons should be designed to 
be water tight, and adequate facilities designed 
into their operation so that the wastes in these 
lagoon can be applied readily to lands throughout 
the year from which surface runoff will not carry the 
nutrient into the surface streams, or dispose of the 
wastes by other means. 
The design of retention ponds for sewage, 
such as those at the Heber Valley Special Service 
District. than hold the water at the treatment plant 
should be made water tight. The loss from these 
ponds were not included as part of this study, but 
their design did not include special water tight 
liners. Future dairy lagoon should also be 
designed to prevent seepage from them. 
8. The data obtained from this study show 
concentrations of Nitrogens considerably larger 
than those of Phosphorous. Consequently, a 
study was initiated to examine the potential for 
denitrification in the Heber Valley. The results from 
this additional study will be contained in a Ph.D. 
dissertation. However, this study has not identified 
large potentials for processes of denitrification. It 
is advisable, therefore, to continue practices and 
programs to limit contamination of both the surface 
and groundwaters of Heber Valley. 
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S"",pler IdccWlcatioa Sow .. Farm Site 'laut 
Ooptb (in) 30 
I Date c. 0 K i Mg Sa S04 T. All<. TOS pH Sp.Coad. ' 
mt:lt m/lll m/lll 01&11 IIl!l1. mfII\ mt:It mt:lt umbos ! 
3-May-.89 ~ 102 11 121) 90 191 8.3 IOS)i 10-"'",,-90 'IlS , ~ "28C '\00 '1064 '8.f 
Sanpler Idcctifieatioa Sow ... Farm Site 'lWert I _Clepth Cia) 13 
Dale Ca 0 K Mg Sa S04 T.i'JJc. TDS pH Sp.COIld.1 
mt:lt m/lll ml!ll 011!11 m/lll mfII\ m/lll mt:lt umbo. 
22-Iu.n-ll9 :xli 65·01 .QJ! QJ! QJ! ~I COl 118 COl I04C 
Samplor ldeI!.tifieatioa Sow ... Farm Site nEut 
Depth (ia) 30 
Date c. 0 K M& N. 504 T. All<. TDS I pH Sp.Coad. 
011!11 mt:lt mt:lt mt:lt mt:lt mRil mi</l m/lll ' UmhOl 
3-May-S9 : 54. 18 I"Xl ISO 363 8.., 122C 22-1",,-89 44.$ 17 190 130 ~ 891: 8.7 1290, 
1 
13-1ol-89 65 5:Z..5 1 180 130 802 ~ 1143
1 10-~-9O 'lie '235 '3 '31 "300 , I "Xl '1358 '8.3 I 
Sampler ldetltific:ation Sow ... Farm Site I12W .. t 
Ooptb (in) 12 
Date C. 0 K Mg Na S04 T. All<. TDS pH Sp.Cond. 
mRil m&ll ml!l1 mt:It mfII\ mfII\ mt:It mt:lt umbo. I 
3-May-89 40 51.9 ~ 5 : 110 43" 8.7 12591 13-1ol-&9 47 96.7 1 160 ~ 972 GQ 13991 
Samplor Idcctificatioa Sow ... F""" Site nEut 
! 
i tlepth (ia) 12 
Date C. 0 K Mg Na S04 T. All<. TDS pH Sp.Cond. ' 
mRil m/lll m/lll m.vJl mfII\ mfII\ mfII\ mt:lt umilo. 
3-May-89 NO ~ NO NO NO NO 216 U 827 100A.".·90 '81 'I '17 '2SO 'no '8.4 
Samplor ldetlufic:ation Sower FanJI Site "W .. t 
Depth (in) 36 
Date Ca 0 K Mg Na 504 T. All<. TDS pH Sp.Cond. 
m/lll m/lll m/lll mRil m.vJl m.vJl m.vJl ml!l1 umbo. 
3-May.& 141) SS.9 21 59 ISO : 8.1 1005 22·Iu.n-&5 llC SSll ~ 141) 130 9S6 ~ 130 13·1111-89 2!! 4S.1 1:lC 140 247 &38 1154 
Sampler Idcctificatioll Sew ... Farm Site I4Eut 
~(in) 38 
Dale C. 0 K Ma Na S04 T.Alk. TDS pH Sp.Cond. 
mr/! mr/! m&ll 01/111 m&ll ~ I mt:It mt:lt umbo. 3-May-8§ 97 64. I ! 214 8.3 945 22·Iu.n-8§ 61 lOll..> I~ 13 698 155 3.3 :: 13-1111-&9 75 8U 18 ~ 240 GQ IlSf ~ 
IO-A .. ·9O "53 "200 'I "23 "420 "260 '1582 '8. 
Samplor ldeI!.tifieation Sewer Farm Site I4W ... , 
Death (in) 18 
Oal. Ca 0 K Ma N. 504 T.Alk. TDS pH Sp.Cond. 
ml/1 m&ll m&ll mfII\ mfII\ mfII\ nw'I mRil umbo. 
3-May-SS IlC 91.9 17 lie 120 : 8.2 11)17' 22.Jim-&9 91 79 18 2'2ll 170 1079 8..S 1S4 
Sampler Idcctifieation Sewer Farm Site 'Saul 
Death (in) 12 
Oal. e.. 0 K Mg N. S04 T. Alk. TDS Pi Sp.CoruL 
mt:ll 111t:11 mt:ll mfII\ mfII\ mfII\ IDIIII 1111/1 umbOI 
3-Mq-SS ll~ ~ 8 21 2'2ll 160 308 8 ... 1588 22-Iu.n~ !lIl Ie l1C 120 QO 1: 8 ... 8S 13-1111-&9 ~ 92.9 ~ ~ ~ GQ 813 8. 2226, 21-1111-&9 51 92.4 II to! 170 I!OO 1594 8. 22441 
100A .. -9(l 'ISC °507.4 "3 *38 °48G '480 "2204 '8.4 
Sampler Idcctillc:atioa Se ...... Farm Site .sWelt 
Ooptb (iD) 30 D.'. e .. 0 K Me N. S04 T. Alk. TDS Pi Sp.Cood. 
mt:lt mt:lt mt:lt mg,A mt:il mt:It mt:It mtt/l umbo. 
3-May-sg 11 91.0 4 1 1:lC 141) 18S 8 1916 
I-I",,-9(l 63 332..9 16 64C 320 201 8 
S""'pler ldcctificatioll Sower Farm Site J6Eut 
~(ia) IS 
D.'. e. 0 K Ma N. S04 T. Alk. TDS Pi Sp.Coad. . 
mt:lt mt:ll 111t:11 mt:il mt:il mt:il IDIIII mail umbo, 
3-May-t9 7'l 43.9 1 141) ~ I20 8 9SC 
U) .. AIOr'-9(l "lit "269.4 "'2 "31 ~ "1464 "8 
Sampler ldeo.tific:atioa Se ... « Fvm Site t6W,," 
Ooptb (ia) IS 
Oa'e C. 0 K Me N. S04 T. AUt. TDS Pi Sp.Coad. 
mRA mt:ll 111ai1 mall mt:il maJ1 mt:It mail umbo. 
3-Mav-SS 771 43~ 81 151 1:lOI ISO! 21151 8.41 978 
Sampler Identification Hicken Dairy Nonh 
Depth (in) 37 
Date Ca 0 K Mg Na S04 T.Alk. 
mRll mRll mRll ml!l1 ml!ll ml!ll mRll 
18-May-89 
22-Jun-89 160 31.5 170 38 120 200 351 
13-Jul-89 140 34.2 170 36 170 220 402 
17-Aug-89 50 3.7 68 II 86 67 247 
lO-Apr-90 81 6.9 60 19 20 34 
14-May-90 79 7.1 63 18 25 37 
14-Jun-90 110 8.5 77 24 40 33 
Sampler Identification Hicken Dairy South 
Deoth (in) 30 
Date Ca 0 K Mg Na S04 T. Alk. 
mRll mg/l mRll mRll mg/l mg/l mg/l 
t-Jun-89 88 . 59.5 81 20 500 200 780 
22-Jun-89 78 38.0 79 17 370 140 714 
13-Jul-89 58 18.5 74 14 240 88 409 
17-Aug-89 100 21.7 150 24 150 180 345 
12-Dec-89 73 12.5 98 16 86 130 
6-Mar-90 70 13.5 tOO 16 91 150 
IO-Apr-90 67 10.5 87 14 84 89 
14-May-90 67 9.2 100 15 92 77 
I-Jun-90 68 9.0 100 16 91 70 
Sampler Identification Price Dairy South 
Depth (in) 90 
Date Ca 0 K Mg Na S04 T. Alk. 
mRll mg/l mRll mRll rnML mRll mg/l 
22-Jun-89 30 106.5 100 54 160 150 QO 
13-Jul-89 250 384.9 II 110 160 290 QO 
IO-Apr-90 *150 *94.9 *19 *45 *1 \0 *100 
_ ...... 
Sampler Identification Price Dairy West 
r--....... Oepth (in) 
------------
54 
Date Ca 0 K Mg Na S04 T.Alk. 
mRll rnll:/l mg/l mRll .... 1TI&lL . mg/l mg/l 
I-Jun-89 340 374.9 12 110 120 240 QO 
* Combined, filtered sample from the Price Dairy Norul, South. and West samplers. 
~""'~~~_""""""=';;:""''',;j'';>!h...~~_.4i::.-''''';''' .. _. 
" ..... ,,-.-.. __ .• ...J,~~..:w.;;.......;;;!U.:......#_ ..• ,,;o<i:-':t.:>:"~~~_._ 
TOS pH 
mRll 
1284 
1620 8.3 
1592 8.2 
678 8.0 
496 8.0 
578 8.2 
980 7.8 
TOS pH 
mRll 
2104 8.6 
17\0 8.5 
1168 8.3 
1362 8.2 
816 8.7 
7.4 
688 8.4 
764 8.3 
814 8.4 
TDS pH 
mg/L 
1494 QO 
QO QO 
*1030 *8.3 
TOS pU 
mRll 
196!l QO 
Sp.Cond. 
1I111hos 
2105 
2092 
876 
Sp.Cond. 
lImhos 
2774 
2271 
1554 
1775 
Sp.Cond. 
umhos 
2163 
2879 
--------
Sp.Cond. 
umhos 
2SSI 
00 
f:' 
85 
Well Identification (0-3-4) 36bab-l (T. ProVOSt) 
I Cuing Depth (ft) 80 
Casing Finish (ft) Perforated 20-70 ! 
Date Q Co DO Fe Mn S04 \ TOS pH H2S Depth 
mg/l mg/l mg/l mg/\ mg/\ mg/\ i mg/l Odor ft 
26-Iul-9Q 3.5 1.4 2.00 0.76 1:7 216 7.6 
14-Aug-9Q < 0.01 0.& *0.67 24 
4-Sep-9Q <0.02 0.9 0 0.73 34 + 
9-Oct-9Q <0.02 0.& *5. *0.71 23 + 
30-0ct-9Q 1.0 + 
Well Identification (0-3-5) 30bec-l 
Casing Depth (ft) 6 
Casin...&FinishJft) ~ed3-6 
Date Q Co DO Fe Mn S04 TOS pH H2S Depth 
mg/l miUl miUl miUl miUl miUl mg/l Odor ft 
30-Iu1-9Q 33.5 0.4 1.80 0.34- 58 370 7.1 + -1.21 
14-Aug-90 <om <0.1 *1040 *0.54 32 + -2.34 
2&-Aug-90 < om 0.& *3.10 *0.71 33 + -1.49 
14-Sep-90 <0.02 1.4 *1.90 *0.73 29 + -2.67 
9-Oct-9Q <0.02 1.5 *1.80 *0.72 1:7 + -2.53 
30-0ct-90 1.5 + -2.85 
14-Nov-90 0.4 + -2.83 
6-Dec-90 1.2 + .2.97 
I 
Wellldc:ntification . (0-4-4) 1bac:-1 (F. Vincent) 
Casing Depth (ft) 100 
Casing Finish (ft) Perforated &5-97 
Date Q Co DO Fe Mn S04 TOS pH H2S Dcpth 
mg/l mg/l mg/l mg/l mg/l mg/l mg/l Odor ft 
26·Iul-90 5.7 3.t 0.17 0.70 22 224 7.7 
14-Aug-90 <0.01 1.1 *0.19 *0.76 
4-Sep-90 0.02 1.9 0.07 0.78 1:7 
9-Oct-90 <0.02 2.7 "'0.021 *0.73 21 
30-Dec-90 1.3 
Well Identification (D-4-4) 10daa-1 
Casing Depth (ft) 65 
Casing Finish (ft) ~ed57-62 
Date a Co DO Fe Mn S04 TOS pH H2S Depth 
mg/l mg/l miUl mg/l mg/l nW1 mg/l Odor ft 
26-Jul-90 39.7 4.5 <0.02 <0.005 75 368 8.0 -3.44 
14-Aug-90 < 0.01 4.8 "'<0.02 *0.005 76 -3.74 
28-Aug-90 <0.01 3.5 "'<0.02 "'<0.005 69 -3.89 
14-Sep-90 <0.02 3.8 *<0.02 "'0.009 n ·3.92 
9-Oct-90 <0.02 3.6 "'<0.02 ·0.011 75 ·3.58 
30-0ct-90 4.5 -3.54 
14-Nov-90 5.0 ·3.20 
6-Dec-90 4.4 -3.71 
i 1* Dissolved species. 1 
-- -
Well Identification 
Casing Depth (fO 
Casing Finish (fl) 
Date Ca CI Co DO 
mg/I mg/1 mg/l mg/l 
26-Jul-90 32.5 0.8 
14-Aug-90 < om 0.3 
21-Aug-90 <0.0) 
28-Aug-90 76 33.5 < om 0.9 
4-Sep-90 *77 32.5 <0.02 1.0 
14-Sep-90 ·67 31.7 <0.02 0.7 
27-Sep-90 ·75 33.5 <0.02 L7 
9-0el-90 ·78 33.7 <0.02 0.9 
19-0CI-90 2.1 
30-0Cl-90 1.4 
14-Nov-90 ].4 
6-Dec-90 1.8 
• Dissolved species. 
~. 
1\ iffl' 
7 
(0-4-4) IOdaa-2 
15 
Screened 10-12.5 
HC03 K Fe Mg Mil Na 
mg/l mg/l mg/I 01 gIl mgtl mg/I 
0.50 0.03 
*0.30 *0.03 
0.42 0.34 
22) 6 *1.00 29 *0.06 33 
222 *6 *0.34 *29 *0.032 *34 
181 *6 ·0.35 *29 *0.030 *33 
QO ·7 ·0.53 *29 *0.048 *34 
203 *6 *0.38 ·29 *0.048 *34 
.!'; ,,'.'.::.io:..~ ... :_ ~ _:~,~".: ; ... ~ 'd.........;.;.~\:_' ... :... ".:;~ ............ '.t~.~ ... ,:.:~~.;;; ''';''_'-''._~ ':''':''',. 
S04 TOS pH 
mg/I mg/l 
160 570 7.6 
160 
160 
111 7.9 
236 8.0 
150 
160 
160 7.8 
-.- .--
Depth 112S 
fl Odor 
-4.63 + 
-3.78 + 
-3.10 + 
-3.90 + 
+ 
-3.77 
-3.51 + 
-3.36 + 
-2.80 + 
-3.17 + 
-2.89 + 
-3.24 
.:-.;;-,~; . 
I 
to 
'" 
87 
WeU Identification (0-4-4) 14bbc·2 (M. Edwards) 1 I 
Casing Depth (ft) 18 1 Casing Finish (ft) Hand·dug ! 
Date a Co DO Fe Mn S04 I TOS pH H2S Depth , 
mgj1 mgj1 mgj1 mgj1 mgj1 mgj1 i mgj1 Odor ft i 
25-Jun-9Q 4.2 -4.981 
26-Jul-90 4.8 
-10.741 
4-Scp-90 4.7 
I 
Well Idc:ntification 
I 
(004-4) 15ddd-l 
Casing Depth (ft) 79 
Casing Finish Cft) Screened 67-77 
Date I a Co DO Fe Mn S04 TOS pH I 
H2S Depth 
mg/l mg/l mg/l mg/l mg/l mg/l mg/l Odor ft I 
30-Jul·90 to.7 0,07 <0.005 22 248 7.8 -3.901 
14-Aug·90 < om 4.3 *<0.02 *<\).005 23 ·8.931 
28-Aug-90 <om 3.3 *< 0.02 *0.006 21 -12.031 
14·Sep·90 <0.02 3.6 *<0.02 *<\).005 24 -13.201 
9-O<;t-9O <0.02 3.6 *<0.02 *<\).005 25 -15.741 
30-0ct-9Q 4.5 -16.631 
14-Nov-90 4.1 -15.62! 
6-Dec-9C;> 4.5 
-17.5°1 
I I 
Well rdentification (D-4-4) 15ddd·2 1 
Casing Depth (ft) 30 i , 
Casing Finish (ft) Screened 18-28 I 
Date a Co DO Fe Mn S04 TOS pH H2S Depth 
mg/l mg/l mlll mgj1 mg/l mg/l mlll Odat' ft 
30-Jul-9O 15.9 1.3 2.50 0.33 15 256 8.0 -3.72 
14-Aug-90 < om 0.4 0.09 0.02 15 -7.90 
28-Aug-90 <0.01 1.0 *<0.02 *0.014 12 -10.08 
14-Sep-90 <0.02 0.8 *0.076 *0.033 16 -lI.73 
9·Oct-9O <0.02 1.1 *<0.02 *0.180 14 -13.73 
30-0ct-9O 0.9 -14.71 
14-Nov-90 1.2 -14.57 
6-Dec-9O 1.2 -14.82 
Well Identification (0-4-4) 23bbb-l O. Jacobsen) 
Casing Depth (ft) ZJ 
Casing Finish (it) Hand-du)l; 
Date a Co DO Fc Mn S04 TOS pH H2S Depth 1 
mg/l nW1 mg/l mg/l mrll mg/l mg/l Odor ft 
25-Jun-9O 4.2 -7.02 
26-Jul-9O 13.2 5.5 <0.02 <0.005 22 248 8.0 -to.35 
4.Sep-90 4.3 
.. Dissolved species. I I 
• 'I I'll' 
Sampla Identification 
J)epI.h (in) 
Dale N03-N N02-N 
mllli mJl!l 
18-May-8~ 19.32 
I-Jun-8S 11.13 
13-Sep-8~ 0.76 
29-Scp-8~ 3.22 
26-OcI-I~ 
12-Dec-l~ *6.37 
14-Mar-9( 
27-Mar-9C IS.83 
IO-Apr-!/( ')7.61 
26-Apr-9(J *12.18 
14-May-90 3.30 
I-Jun-9( 
14-Jun-9( 
26-Jun-9( +3.18 
26-Jul-9( 
18-Aug-9{ 
27-Sep-9C 
19-Ocl-90 
14·Nov·90 
6-Dec·9( 17.97 
Sampla Identification 
Depth (in) 
Dale N03·N N02-N 
mllll mgJI 
18-M .. y-8~ 16.51 
I·Jun-8S QO 
22-Jun-8~ 22.40 
27·Jul-8~ 14.74 
14-Mar-9( 4.78 
27-Mar-9( "19.24 
27-Mar-9C 20.13 
IO-Apr-9( '·7.87 
26-Apr-9C 13.94 
14-M.y-9( 4.40 
I-Jun-9( 553 0.12 
14-Jun-9( 3.11 <om 
26-Jun·9( "0.73 
26-Jul-9( 
28-Aug-9( 
27-Scp-90 "1.88 
19-OcI-9(J 
14-Nov-9C 
6-Dec-9C 
6-Mar·91 
J8-Ma.r-91 18.13 
28-Mar-91 24.31 0.12 
7·Apr-91 27.54 0.04 
• Combined sample wiLlI /II East and IIIWesL 
•• Combined sample wiLlI H2Ells\ Wid I/2WesL 
" This sample is filLered and unp.esef'lled. 
:_~~t<.' 
Sewer Fwm Site /llEast 
30 
NH3-N O. Phos T. Phos TOC COD Vol. 1120 N03-N 
mllli mJl!l mJl!l mllli mllli ml mllli 
0.06 0.812 0.872 21.45 
QO 1.3116 QO 9.13 
0.14 0.099 0.108 0.72 
0.12 0.214 <0.005 1.53 
1.19 
·0.07 ·0.273 ·0.798 
1.82 
0.22 0.040 0.069 45( 19.29 
*2.33 ·0.084 ·0.112 sse 
·0.13 ·0.04 ·0.113 IOC 
0.11 0.054 0.105 32.1 45( 7.09 
( 2.31 
( 
+0.13 +0.047 '0.092 *28.7 20C 
( 
( 
( 0.72 
( 
Trace 
0.20 0.060 0.090 24.3 225 
Sewer F .... Site l12East 
30 
NH3-N O. Phos T. Phos TOC COD vol.mo N03·N 
mllll IIlI111 mg/l mll/I mg/l ml mll/I 
0.07 0.372 0.370 14.25 
<O.OS 0.161 0.194 19.76 
0.07 0.490 0.212 
I.lt 0.4110 0.515 
O.lt 0.114 0.114 
"<0.05 "0.167 "0.11 80( "16.03 
0.07 0.109 0.122 80( 16.32 
··<0,05 ··0.138 "0.157 60( 
0.11 0.019 0.112 25( 11.42 
QO 0.006 QO QO so 
0.12 0.161 0.210 13.7 800 1.62 
0.08 0.081 0.130 12.7 55e 2.S7 
"0.12 ··0.021 ··0.068 ·'15.1 8( 
( 
( 
··0.34 "0.142 "0.140 *"'<14 125 
( 
( 
{ 
( 
<0.05 10.6 26 SOO 
0.08 9.5 24 500 
0.10 9.6 26 600 
----
_L.~~_~.~:::....oo.._~_~ .. .,;:_-",:.:.;:.~""_:. ..... ~~..:;..~-~·:,;,,,....&... .,;<:.........:.:!j .• .:,.,.;....1.~ 
N02-N 
mllll 
0.16 
, 
N02-N 
mllli 
0.23 
<0.01 
, 
Sewer 1'lIJ'lTI Site III West 
13 
NII3-N O. PIlUS T. l'hos 
mllli .:nllli mllli 
0.09 0.012 0.O7() 
0.05 0.261 QO 
0.18 0.OH7 0.070 
0.08 0.112 0.025 
0.12 0.078 0.130 
0.08 0.042 0.069 
<0.05 0.033 0.097 
0.05 0.055 0.127 
0.23 0.052 0.025 
0.18 0.040 0.040 
Sewer FIIJ'lTI Site I12We£1 
12 
------
. NII3-N O. Phas T. Phas 
mgl! mll/I mll/I 
<0.05 0.204 QO 
0.07 0.320 0.354 
"0.08 "0.191 "0.122 
0.12 0.084 0.092 
QO 0.025 0.005 
0,07 0.049 0.111'.1 
0.11 0.057 0.166 
. 
;i:i~t~-;>,· . 
TOC Vol. ii24.~ 
mllll ml 
90( 
400 
7':) 
18.2 350 
25.5 425 
Q 
75 
0 
0 
19.1 225 
( 
( 
( 
Toe Vol. 112 ( 
mll/I ml 
80( 
HOI 
45{ 
lOll 
( 
1St 
20.6 65C 
4( 
~ 
150 
( 
( 
I 
CJl 
CJl 
,.,~ __ • __ .\ ~~ .... _~,'J,~ u ...... _ ...... .: __ .7'nM'MX./;:eht:.<t~~~~'t'_~, 
Sampler Identification Sewer I'.,n Sile IHE"SI 
Dcolll (in) 12 
---,--' -- '- ----
Dale 
---~. 
------
N03·N N02·N NJI]·N O. !'bus T. l'bus Toe COD Yol. 1120 NOIN NIlJ N 
moll mwl mwl mwl ",wi 
... I1!i!lL ~ t---'u,-- ._'-"-&!! ......!!!&'! 
18·May-89 11.119 0.011 0.324 QO 20.')\ 
I·JIIIl·II~ 23.16 QO 0.074 0.13'1 41dl 
22·Jun·8~ 21'IK 
13-Jul-1I5 
27-Jul·II~ 2'120 
31-Au8·8~ 2.40 3.17 0.3711 L745 l.2K 
27·M",·9( 31)( "2.b6 
21·M",·9( IS.85 0.11 0.041 0.0511 )1)( 3.40 
100Apr·9( +15.117 +0.06 '0.049 ·0.059 31)( 
26-Apr·9( 14.SI <0.05 0.040 0.056 3,}~ 2:/5 
14·May-9( 10.73 QO 0.010 0.028 Qf III 
I·Jua·9C U 
14·JWI-9( I lSI <11.0 
26·JWI-9C ( 0.59 
26-Jul·9C ( 
2B-Aul'9C ( 
21-Scp-9C Tract 1.21 
19-Oct·9C ( 1.97 
14·Nov-9( +22.0 ·0.16 ·0.11 ·0.21 27.2 25t 
6-Dcc·9( 28.54 0.21 0.060 O.JSO 21.5 lSI 
6-M.·91 1.23 
18-M.·91 41.15 
28-M.-91 42.91 0.12 
7·A.,..·91 41I.1l ___ ~ 
Sampler Idcatificalioa Sewe.r FIUD Silc: 114EasI 
DcPlh (in) 18 
--
----,.---.. __ . 
Dale N01·N N02·N NII3·N O. /'bos T. /'bos Toe COD Vol. 1120 N03·N N02·N 
mitll mllll mwl mllll mwl mwl mwl ml mull lOll/I 
18-May-19 20.65 1.64 <0.005 0.070 111.79 
I·Jua·89 24.28 QC 0.144 0.2211 19.47 
22·Jua-89 23.59 0.87 0.1118 0.191 
27-Jul·89 39_39 0.48 0.249 0.218 
11-Au8-89 8.SI 0.311 0.514 2.214 UI 
21-M.·9C 4.37 O.lt 0.041 0.078 45t 1.98 
100Apr-9C ··I.B "0.08 "0.038 "0.055 lS( 
26-Apr-9C "2.21 "0.15 ··O.05U "0.074 51 
14-May·90 I 
I-JWI-9~ 1.09 0.04 0.11 0.052 0.091 45.9 45! 0.95 <0.0 
14·JWl-9~ 0.98 <0.01 0.11 0.047 0.097 41.9 451 0.66 " 0.0 
26-Juo-9C Trace 
26-Jul-9~ ( 
28-Aul-9(1 t 
27-Scp-9C "0.19 ··0.84 "0.235 "O.29(J •• < 14 200 
19-Dcl-9C , 
14-Nuy-9C (] 
6-Dcc-9(1 (I 
6-M.-91 4.21 0.18 44.3 118 35( 
IH.t.r·91 1.19 <0.05 2'1.11 1( 50( 
28-Mar-91 1.14 0.11 0.09 27.'1 67 tllJ( 
7·AIlf·91 _ ~~~ _ O·09L _ ... , ___ . __ ..... 1!.1,·!, __ . 'n __ m_~ --- . 
• Comllined $wnple willi 1I)l!asl and IIJWe.1. 
•• Combincl! slimple wilh,lI4Easl and H4Wcsi. 
.. hllered ...w IIl1pre$crvel!. 
wer h."n Slle IIIWe,1 
N 
1/1 
O.·I'} 
011 
0.1'1 
nil 
1.'14 
0.12 
O.os 
0.01 
0.05 
IUl'J 
U.H. 
0.11 
U.I 
O.Ot., 
0.05 
0.511 
Ul'J 
II. 
O.I't ... , 
._.'.'!I/I. 
(U1U 
onl 
OAlt, 
0.14'1 
(UI) 
(Ubi 
"0.12'1 
O.OJK 
0.0'101 
oo~·~1 
0.0·.., 
U.OIII[ 
U.O)!) 
\~;" I 
II 1111 
o \-It, 
II." ") 
II I~ I 
IJ II /, 
CUI! 
"o.I'KI 
OliN) 
U.I)4 
O.Hi> 
O.lHI 
0. 1101 
1.)0 
-T -10" I COil Y .. !. IW) 
.!!'tJ l II~!... _ .!!!L_ 
1101. 
I!OI 
SOl 
41)( 
I 
I.)Il 101. 
.I!.H 2)1 
( 
( 
1'121 
< 141 ))1 
I'I~ 
< )( 
( 
11'1 11 ))( 
'I I, 11 J'It 
'II n 4()( 
' '  ..
-----..... "-----~---.~- .. - - .-~-. , -- .-- ----
wer I'arnl Sile 114 We.t 
HI 
. N 0. i;;;-;;~! T. l'b;~; I" Toe I. ('01> lYOI, 1120 
In I --'!'&lL.~L ~L_..!!!L_ 
0.26 0.027 O.Ot,O 
QO 0.H3I QO 
0.2:1 
O.S/I 
0.0'1 
l.Ot. 
0.241 
O.OW 
0.011. 
001'1 
I.2Uli 
O.2"lK 
o.mo 
() U)h 
:NI 
III) 
2)1 
3'1.' 
J(X 
I 
2'1t 
I~( 
'1. 
00 
-0 
'i II fll' 
Sample.- Identification 
Depth (in) 
Dale NOJ-N N02-N 
mill! .. mgll 
18-May-89 IH)6 
I-Jun-89 38.76 
I3-Jul-89 0.08 
27-Jul-89 3\.98 
13-Sep-89 3.83 
29-Sep-89 1.31 
12-Dec-89 8.81 
21-Mar-9O 14.80 
IO-Apr-9O ~.IY.!. 
26-Apr-9O *24.12 
26-Apr-9O 
14-May-9O 40.05 
I-Jun-90 38.n <0.01 
14-Jun-90 22.35 <0.01 
26-Jun-90 "·1.95 
26-Jun-90 20.44 
26-Jul-90 
28-Aug-9O 
27-Sep-9O 0.43 
19-Oct-9O 
I4-Nav-9O 
6-Dec-90 
6-Mar-91 
18-Mar-91 27.83 
28-Mar-91 19.31 0.12 
7-ADf-91 15.02 0.79 
Sample.- Identification 
[)epth (in) 
Dale N03-N N02-N 
mill! mill! 
18-May-89 7.67 
I-Juo-89 13.21 
27-Jul-89 18.98 
31-Aug-89 22.54 
Il-Sep-89 0.57 
29-Scp-89 <0.01 
14-Mar-90 0.89 
21-Mar-90 "3.84 
27-Mar-90 4.75 
IO-Apr-90 "17.87 
26-Apr-90 2.52 
14-May-90 
I-Jun-90 
14-Jun-90 
26-Jun-90 
26-Jul-90 
28-AuS-90 
27-Sep-90 
19-Oct-90 
14-Nov-90 29.00 
6-Dec-90 
• Combined sample with H5East and N5Wesl. 
•• Combined sample with Jl6Ea51 and H6WesL 
" Filtered and ~npreserved. 
Sewer Farm Site N5East 
12 
NII3-N O. PIlos T. PIlos TOe 
mg{l mllIl mllIl mllIl 
0.05 0.044 0.040 
QO 0.139 0.237 
QO o.ln 0.3112 
0.18 0.369 0.444 
0.35 0.241 0.233 
0.21 0.180 0.026 
0.40 0.103 0.133 
2.01 0.046 0.060 
·0.19 ·0.054 '0.092 
·1.15 +0.055 ·0.0I.t 
"0.068 ·0.029 
0.33 0.015 0.127 QC 
0.18 0.111 0.145 32.9 
0.1l 0.065 0.11'1 31.3 
'·<0_05 "·0.061 "·O.l5t "'33.( 
0.1l 0.054 0.117 32.6 
0.21 0.064 0.000 
0.62 45.1 
0.38 44.7 
0.4tl 45.t 
Sewer Farm Site NliEast 
18 
NH3-N O. PIlos T. PIlus TOC 
mill! mill! mill! mill! 
0.05 0.190 0.156 
QO 0.550 QO 
0.32 0.428 2.028 
OA( 0.494 0.170 
0.09 0.184 0.156 
QO 0.092 0.090 
0.61 0.034 0.034 
"0.52 "0.062 "0.Cl63 
0.12 0.038 0.057 
"0.Cl6 "0.082 "0.133 
0.Cl6 0.020 0.055 
0.06 0.040 0.050 21.0 
COD Vol. 1120 Nul-N N02-N 
mill! ml mllIl mllli 
36.46 
25.15 
0.89 
0.92 
45C 
45C 
40C 
40C 
30C 4.9t 
SOC 8.37 <0.01 
35C 4.45 <0.01 
35C 
35C 
( 
( 21.69 
<14 35( 5.03 
( 
( 
( 
114 4~ 
115 SOC 
114 325 
COD Vol.H2C N03-N N02-N 
mllli ml mllli mRII 
6.97 
42.73 
5.76 
1.79 
0.05 
0.66 
70C "1.71 
10C 1.92 
6S( 
425 0.94 
( 
~ 
C 
C 
~ 
C 
950 32.0 
Trac' 
Sewer Farm Site H5Wesi 
30 
NII3-N O. l'hos T. 1'h05 
mllli mllli mllli 
0.0') 0..197 QO 
QO 0.051 0.254 
QO 0.005 0.085 
QO 0.318 0.170 
0.19 0.125 0.2Ot. 
0.23 0.163 0.217 
0.0') 0.124 0.141 
0.\3 0.188 0.178 
0.13 0.129 0.110 
Sewer !'tum Site N6West 
18 
NIIl-N O.I'hos T. PIlos 
mR11 mQII mvll 
0.37 0.331 0.3oe) 
0.44 0.1t}2 QO 
0.48 0.579 0.561 
0.18 0.297 l.n3 
om 0.185 0.021 
0.12 0084 0.090 
"<005 "0.054 "0.11) 
<O.OS 0.046 0.017 
<0.05 0.041 0.029 
0.06 0.11 1.44 
Toe COl) 
mllli mILL_ 
38.4 
37.3 
33.2 
48.7 
<14 
TOC COl) 
mill! mill! 
22.4 
Vol.lI2e 
ml 
0 
201l 
5U 
5t 
2SC 
8'15 
4SC 
5C 
5C 
(J 
575 
550 
0 
0 
0 
Vol.II2C 
ml 
7()( 
70C 
SIX 
275 
( 
( 
( 
( 
( 
( 
( 
( 
9(J( 
. _.---': 
\0 
o 
_0'.,,,,"", ,', "'J~',,~'?'..:·.17.;L:.:;:·':J·:':~;":::·!'~!~7~~~·~ 1 
Sampler Id .... tification Hiclten Dairy North 
DeDlil lin} 37 
Dale N03-N N02-N NH3-N O. PhDS T. Phos TOe 
"",II mRiI "",II mRiI mRiI "",11 
100M-y-8S 24.13 l.26 1.23 1.47 
18-M-y·85 80.16 1.32 1.0\3 3.220 
I-Jun-85 
22·Jl1n·85 81.80 0.63 0.956 0.915 
21-JI1I·89 45.30 0.13 1.540 6.036 
I7-Al1a-85 29.18 0.18 7.651 7.662 
31.Au&-8S 22.17 0.14 8.210 3.835 
Il·Sep.8S < 19.05 0.09 7.673 1.670 
29·Scp·85 14.55 0.06 1.125 5.713 
26-Ocl·8~ 12.67 < 0.05 6.288 6.171 
12·Do<:-85 15.61 0.29 5.809 6.049 
6·Mar-9~ 
6-Mar·9( 
14-Mar·9~ 1.21 3.49 3.302 3.300 
21-Mar-9( '1.54 "1.88 "0.788 ·0.132 
27-Mar-9( 8.n HI 0.937 0.120 
10-Apf-9(: 8.0S 4.18 1.609 5.365 
26·Apr-9(: '7.33 '0.61 '1.715 ·1.644 
I4--May-9(: 28.14 < O.OS :2.172 2.120 15.2 
I-Jun·9(: 91.12 <0_01 0.12 2.689 2.982 13.0 
14·)l1n·9(: 20.19 <: 0.01 < 0.05 QO 2.793 12.5 
26-Jun·9(: "'1.83 "<0.05 -'1.948 ·'1.842 -'14.3 
26-Jllo·9(: "89.46 .< 0.05 '"1.091 ·1.175 "14.0 
260JIII·9(: 192.90 0.05 2.865 2.618 12.7 
2S-AIIS·9(: 10200 0.07 3.217 3.466 13.4 
21-Scp.9(: 121.80 0.05 3.126 3.120 
19-Oc1-9(: "65.55 .< 0.05 ·2.730 "2.S50 "15.3 
14·Nov-9(: 12.300 <0.05 2.840 2.910 13.7 
6-Dec-90 "106.19 "<0.05 "2.250 "2.290 "14.5 
4-Feb-91 129.14 < 0.05 2.070 2.225 14.0 
19·Fcb-91 ·13).00 ·0.13 "1.803 "13.6 
6-Mar-91 
2S·M.,·91 166.00 0.11 0.06 16.4 
7-Ao,·91 366.26 <0.01 0.05 13.3 
J\ nus umplc was uopreocrved . 
• nua :sample was fillCred and unp",.erved. 
" 'rbi. ~ a combined sample from bulb !he Norlb Ind South .amplers. 
COD Vol. 1120 NOl-N N02-N 
mRiI mI ..... 11 01J!1I 
l4.49 
106.10 
115.17 
70.09 
6.91 
2.78 
0.10 
63.l4 
54.71 
44.58 
54.98 
"29.81 
31.98 
16.40 
1000 "15.55 
1000 11.18 
750 14.32 
750 
7S(J 17.85 
:: 42.81 0.61 86.03 <0.01 
1000 
1000 
750 81.00 
700 73.11 
<.14 650 94.00 
:: 9S.00 
"35 : 31 120.71 
·28 150 
170.00 
42 1225 
32 87~ 
!lickell Doiry Soulh 
)0 
NII3·N O.l'hos T. Phus 
mRiI nlJlll mRiI 
0.89 1.49 1.82 
l.55 1.013 1.480 
0.15 4.258 QO 
OAO 0.984 4.724 
0.28 1.006 O.l!9O 
0.20 1.143 1.268 
0.16 1.358 0.625 
0.11 1.449 1.164 
0.11 1.445 0.353 
0.07 1.375 1.577 
007 1.409 1.481 
"0.16 "1.395 
0.06 1.462 1.548 
0.14 1.339 1.l40 
"< 0.05 "1.229 "0.183 
0.16 1.540 0.224 
0.11 1.358 0.088 
0.07 1.721 1.928 
0.08 1.516 1.731 
<.0.05 Q(J 1.400 
0.11 1.531 1.382 
0.06 1.413 1.665 
0.06 1.651 l.?00 
<0.05 UHO QO 
<.0.05 1.190 1.381 
0.05 
- ~-. 
Toe COD 
IIWl 01J!Jl 
20.1 
18.0 
16.7 
15.2 
17.9 
< 14 
15.3 
14.0 34 
13.4 <14 
v .. UiW 
n~ 
600 
600 
500 
500 
700 
650 
400 
450 
450 
600 
600 
H50 
75 
175 
lSI! 
700 
150 
150 
-.0 
I-' 
Sampler ldClllificalion I'rice: Dlliry NIKIh 
Dc:plh (in) 11.0 
Date N03·N N113·N O. Phol T·I'hos Vol. 1120 1'103·1'1 1'102·1'1 
m&lt m..&lt mt:./l mgJI mI mlll m&lt 
18·Mlly·89 116.35 
I-Jun-.9 56.54 0.06 0.398 O.l1t 
21-Jul·89 IIYl.IO 
I1-Aug-89 <0.01 
31-Au,-89 23.13 0.18 0.183 o.m 0.22 
29-5c:p-89 1.72 
12-Dcc-'~ 103.30 
21-Mar-9{ 0.09 0.0( 0.3811 O.Slt 41X 1.30 
100ApI'·90 '23.68 '0.11 ·0.609 '0.566 275 
26-ApI'-90 '24.53 '0.74 • .. 360 "1.480 300 
14·May-9(l ( 41.94 
I-Jun-90 { 66.11 < O.oJ 
14·JulI·90 ( 
26-Jun·9(l ( "90.94 
26-Jun-9(l ( 23.24 
26-Jul-9(l ( 101.20 
28-AuS·9(l ( 91.01 
21-Scp-9(l ( 119.55 
19·OcI-90 ~ 14-Nov·90 
6-Dcc-90 ... 
~.. ..------c- .. _. 
• '"'is leplcKnlS a combined SImple flom Ihe: NOI1h. Soulh. alld W"", slimpleu. 
"This is a fihCfed. IIIlprCKrvc:d lample: . 
... NOI checked. 
I, 'f nr' 
l'r ice: Diliry Soulh 
1'1113·1'1 
9~·Lr-"_ 
O. Phos T. I'hos TOe Vol. 1120 
mgll mgJI m&ll m&ll 1111 
0.43 0.613 QO 
0.06 0.369 0.321 
0.01 0.311 0.6211 
0.13 0.303 0.31H 
0.21 0.127 11.042 
IU4 0.1180 O.S4) 
0.26 1.228 2.116 300 
41X 
30( 
2.1~ 3.110 3.782 46.8 40( 
0.55 2.814 3.008 40.8 40( 
3St 
"0.05 "0.713 ''0,922 "32.7 515 
0.09 1.001 U2U 31.7 575 
0.12 ),)98 1.854 30.4 32~ 
0.08 1.044 2.139 28.1 325 
0.09 1.133 1.650 451 
... 
500 
50( 
l'rke DOliI)' W"~I 
.54.0 
NOJ·N 
:-::--c- ._-
1'102·1'1 1'1111-1'1 O.I'I •• s T.I'hus 
~ r-m.&ll.... mlll mRll mRll 
9.63 0.05 0.204 0.252 
119.60 0.39 0.50K QO 
2.44 < 0.05 0.4'12 0.141 
1.18 < 0.05 0.1'17 0234 
2.05 <0.01 0.06 lUll! QO 
- .~ ....... ~ 
TOC Vol. IUt 
mRll ml 
751 
!lSI 
50( 
2.'> 451 
5.1 10( 
I 
( 
( 
( 
{ 
( 
( 
1 
.. 
\0 
/'V 
93 
WeU Idenolic.ation I (0..3-4) 36bab-l (T. Provost) C~ing Depth (ft) 80 
Casing Finish[ft) Perforated 20-70 
Date N03·N N02·N I NH4-N O. Pbos T. ?bas TOC 
mg/l mv1 i mlVl mg/1 mg/I. mg/l 
6·Mar·86 < 0,01 < 0.01 <0.05 0.050 0.050 
22·May·86 om om 0.10 0.006 0.020 
7.Aug.86 0.02 < 0.01 <0.05 0.020 0.040 
I 
I 
,I! 
" 13-Nov-86 0.02 < 0.01 < 0.05 0.140 0.110 
26-Feb·87 < 0.01 < am < 0.05 0.019 0.029 
I 
19-May-87 < om < 0.01 < 0.05 < 0.005 0.030 
12·Aug-87 0.70 < 0.01 < 0.05 < 0.005 0.020 
16-Nov-87 < am < om <0.05 0.00) 0.050 
I 7-Mar-88 0.28 < 0.05 o.~a 0.170 I1-May.88 < om < 0.05 O.viC 0.010 
I 16.Aug-88 0.31 <0.05 < 0.005 0.900 I5-Nov-88 am <0.05 0.030 0.470 
18-Apr·89 *< 0.01 *< am <0.05 *< 0.005 0.011 
13-1ul-89 ·0.15 .< 0.01 < 0.005 ·0.028 0.020 
17-0cl-89 *0.05 .< 0.01 <0.05 O.Qll/"o.on 0.013 
25-1un-90 0.68 <0.05 0.040 0.083 0.6 
26-1ul-90 0.86 < 0.05 0.022 0.050 1.0 
14-Aug·90 0.12 <0.05 O.oIl 0.021 1.2 
4.Sep-90 0.09 <0.05 0.026 0.012 0.5 
9-0ct-90 0.13 <0.05 0.014 0.020 0.8 
30-0ct·90 
WeU Identification (D-3-5) 30bec·1 
Casing Depth (ft) 6.5 
Casing Finish (ft) Screened 3-5.5 
Date N03-N N02-N NH4-N O. Phos T. Phos TOC 
mEl! m~ mlZll mlZll mgIl mlZll 
23-May-89 **3.60 *0.16 "0.03 
30-1ul-90 0.89 0.58 1.102 1.117 15.2 
14-Aug-90 0.11 4.S5 2.814 2.135 35.5 
28-Aug-90 0.04 < am 1.94 1.111 0.109 16.1 
14-Sep-90 0.06 1.78 0.747 0.753 13.6 
9·0ct-90 0.09 1.27 0.628 0.610 10.3 
30-0ct·90 
!i 
14. Nov·90 
6·Dec·90 
Well Identification (0-4-4) 1bac·1 (F. Vincent) 
Casing Depth (ft) 97 
Casing Finish (ft) Perforated Ss.m 
Date N03·N N02·N NH4-N O. Phos T. Phos TOC 
mg/l mg/l mg/l mg/l mg/l mg/l 
6·Mar·86 0.05 < 0.01 <0.05 0.020 0.030 
22-May-86 0.04 < om <0.1 0.009 0.030 
7-Aug-86 0.12 < om <0.05 0.020 0.020 
13-Noy-86 0.02 am < 0.05 < 0.005 0.025 
26·Feb-S7 < 0.01 < om <0.05 < 0.005 0.011 
19· May-8'7 < 0.01 < 0.01 < 0.05 < 0.005 0.010 
12-Aug-87 0.06 < 0.01 0.05 0.006 0.020 
16-NoY-87 < am < 0.Ql < 0.05 0.010 0.020 
7-Mar-88 0.05 < 0.05 0.020 0.050 
I1-May-S8 0.08 <0.05 0.006 <0.005 
16-Aug-88 0.07 <0.05 <0.005 0.930 
15-NoY-88 0.10 <0.05 0.030 0.080 
18-Apr.89 *< 0.01 *< 0,01 <0.05 *<0.005 0.006 
13-1ul·89 *0.22 *< 0,01 < 0.005 *0.008 0.021 
17-0ct-89 *0.17 *< 0.01 < 0.05 *0.013 0.005 
25-1un-90 0.14 <0.05 0.011 0.024 0.6 
26-1ul·90 <0.01 <0.05 0.011 0.043 0.5 
14-Aug-90 0.17 <0.05 0.022 0.137 1.2 
4.Sep-90 0,09 <0.05 0.012 <0.005 <0.3 
9·Oct·90 0.15 <0.05 0.016 0.040 0.4 
30-0ct-90 
.. Represents a dissolved sample . 
• * Represents dissolved nitrate and nitrite. 
94 Well Identification (0-4-4) lcbd·l (E. Roberts) 
i 
CasLng Depth (ft) 91 
Casinlit Finish (ft) Open End 
Date N03·N N02·N NH4·N O. Phos T. Phos TOC 
mg/l mRil mg/l I mg/l mill mill I 
6-Mar-86 1.85 <0.01 <0.05 0.050 0.050 
22·May-86 1.94 0.Ql < 0.1 0.030 0.040 
7-Aug-86 1.80 0.01 0.05 0.040 0.040 
13-Nov·86 1.86 0.01 <0.05 0.030 0.040 
26-Feb-87 1.86 <0.01 <0.05 0.033 0.040 
19-May-87 1.98 <0.01 <0.05 0.020 0.020 
12-Aug-87 1.89 <0.01 <0.05 0.030 0.040 
16·Nov-87 1.81 0.01 <0.05 0.040 0.030 
7-Mar-88 1.84 <0.05 0.070 0.040 
11-May-88 1.97 <0.05 0.030 0.030 
16-Aug-88 1.28 <0.05 <0.005 0.060 
15-Nov-88 1.71 <0.05 0.070 0.050 
18-Apt"-89 *0.92 .< 0.01 <0.05 *0.036 0.014 
13-Iul-89 *2.05 *< 0.01 < 0.005 ·0.031 0.047 
17-Oct-89 *1.72 *< 0.01 <0.05 0.028/*0.034 0.035 
25-Iun-90 1.94 I <0.05 0.035 0.064 0.6 
4-Sep-90 1.63 <0.05 0.043 0.030 <0.3 
Well Identification (0-4-4) 10daa.-l 
Casing Oepth (ft) 65 
Casing Finish (ft) Screened 57-62 
Date N03-N N02-N NH4-N O. Phos T. Phos TOC 
m2ll mg/l mg/l m2ll mRil mlU1 
23-May-89 **0.67 *0.02 *0.02 
26-Jul-90 0.67 <0.05 0.042 0.120 2.1 
14-Aug-90 1.13 <0.05 0.026 0.039 0.8 
28-Aug-90 0.67 <0.01 <0.05 0.035 0.025 0.5 
14-Sep-90 0.59 <0.05 0.026 0.051 <0.3 
9-Oct-90 0.72 <0.05 0.026 0.020 0.3 
30-0ct-90 
14-Nov-90 
. 6-0ec-90 
Well Identification (0-4-4) 10daa-2 
Casing Depth (ft) 15 
Casing Finish (ft) Screcmed 10-12.5 
Date N03-N N02·N NH4-N O. Phos T. Phos TOe 
mg/l mg/l mg/l mg/l mg/l mg/l 
23-May-89 .*< 0.10 *0.12 *<0.01 
26-JUl-90 <0.01 <0.05 0.008 <0.005 0.5 
14-Aug-90 1.41 <0.05 0.057 0.082 0.7 
21-Aug-90 0.02 <0.01 <0.05 0.016 0.027 0.6 
28-Aug-90 0.04 <0.01 0.09 0.085 0.111 1.0 
4-Sep-90 0.06 <0.01 <O.OS 0.005 <0.005 <0.3 
14-Sep-90 0.06 <0.01 <0.05 0.013 0.024 0.8 
27-Sep-90 0.03 <0.01 0.22 0.030 0.030 0.61 
9-Oct-90 0.11 <0.01 0.06 0.159 0.120 0.9 
19-0ct-90 
30-0ct-90 
14-Nov-90 
I 6-Dec-90 
.. Represents a dissolved sample . 
... Represents dissolved nitrate and nitrite. 
Well [denlification (0-4-4) :dcc-l (HVSSD) 95 
CJ.Sing Depth (ft) 85 
CJ.Sin~ Finish (ft) J¥n End 
Date N03-N N02-N NH4-N O. Phos T. !?has TOe 
mlUl. mw1 mw1 mgjl mlt/l. mlt/l. 
6-Mar·86 L82 < 0.01 <0.05 0.040 0.040 
22-May·86 1.52 < 0.01 <0.1 0.020 0.030 
7-Aug-86 1.60 <0.01 <0.05 0.030 0.040 
13-Nov-86 1.79 0.01 <0.05 0.030 0.040 
26-Feb-87 1.62 < 0.01 <0.05 0.024 0.031 
19-May-87 1.60 <0.01 <0.05 <0.005 0.020 
12-Aug-87 1.59 < 0.01 <0.05 0.030 0.040 
16-Nov-87 1.56 0.:0 <0.05 0.030 0.030 
7-Mar-88 1.45 <0.05 0.010 0.030 
Ll-May-88 1.38 <0.052 0.020 0.020 
16-Aug-88 0.88 <0.05 <0.005 <0.005 
15-Nov-88 1.25 <0.05 0.030 0.060 
lS-Apr-89 "0.72 "<: 0.Ql <0.05 "0.016 <0.005 
13-Jul-S9 "1.43 *< 0.01 <0.005 "0.03 0.106 
17-0ct-89 "1.14 *< 0.01 <0.05 *0.022 0.012 
25-Jun-90 1.36 <0.05 0.026 0.048 0.7 
4-Sep-90 1.09 <0.05 0.033 0.020 0.4 
Well Identification (0-4-4) 13ada-2 (0. Wagstaff) 
I Casing Depth (ft) 142 Casing Finish (ft) Perforated 135-142 
II Date N03-N N02-N NH4-N O. Phos .T. !?hos TOe mg/l mw1 mgjl mg/l mg/l m~ 
22-May-86 2.50 0.01 <0.1 0.040 0.030 
7-Aug-86 2.45 <0.01 <0.05 0.030 0.040 
13-Nov-86 2.20 0.01 <0.05 0.020 0.040 
26-Feb-87 2.29 <om <0.05 0.031 0.033 
19-May-87 2.17 <om <0.05 <0.005 0.010 
12-Aug-87 2.06 <0.01 <0.05 0.020 0.030 
16-Nov-87 2.01 <0.01 <0.05 0.040 0.030 
25-Jun-90 1.69 <0.05 0.024 0.038 0.8 
4-Sep-90 1.57 <0.05 0.028 0.017 <0.3 
WeU Idcmification (0-4-4) 13cbb-2 (E. Andreason) 
Casing Oepth (ft) 100 
Casine Finish (ft) Open End 
Date N03-N N02-N NH4-N O. Phas T. !?has TOe 
m2fl mg/l mg/l mg/l mg/l mg/l 
22-May-86 1.33 0.01 <0.1 <0.005 0.100 
7-Aug-86 1.30 <0.01 <0.05 <0.005 0.010 
13-Nov-86 1.59 <0.Dl <0.05 0.010 0.020 
26-Fcb-87 1.55 <0.01 <0.05 0.005 0.Dl0 
19-May-87 1.30 <0.01 <0.05 <0.005 0.007 
12-Aug-87 1.84 0.01 <0.05 < 0.005 0.010 
16-Nov-87 1.69 <0.01 <0.05 0.009 0.010 
7-Mar-88 1.72 <0.05 < 0.005 0.020 
ll-May-88 1.93 <0.05 < 0.005 <0.005 
16-Aug-88 1.24 <0.05 <0.005 <0.005 
15-Nov-88 1.63 <0.05 0.020 0.030 
18-Apr-89 "0.89 "<0.01 <0.05 "<0.005 0.012 
13-Jul-89 "1.83 "< 0.01 <0.005 "0.015 0.019 
17-Oct-89 "1.46 "< 0.01 <0.05 *<0.005 <0.005 
2S-Jun-90 1.62 <0.05 0.014 0.039 0.5 
4-Scp-90 1.39 <0.05 0.013 <0.005 <0.3 
* Represents a dissolved sample_ 
Well rdentification (0-4-4) L4bbc-2 (M. Edwazds) 
Well Depth (et) 18 
Finish (ft) Hand-dull 
Date N03-N N02-N I NH4-N O. Phos T. Phos I TOe 
mg/l mg/l : msul mg/l msul ! mRll 
6-Mar-S6 1.95 <0.01 <0.05 0.060 0.060 
7-Aug-S6 1.84 <0.01 <0.05 O.llO 0.120 
13-Nov-86 1.45 0.01 <0.05 0.070 0.070 
26-Feb-87 1.70 0.01 <0.05 0.073 0.073 
19-May-S7 1.77 0.07 <0.05 0.080 O.OSO 
12-Aug-87 2.03 <0.01 0.16 0.280 
I1-May-SS 3.18 <0.05 0.070 0.060 
L6-Aug-88 1.19 <0.05 <0.005 0.060 
13-Jul-89 *3.33 *<0.01 < 0.005 *0.104 0.114 
17-0ct-89 *1.38 *< 0.01 <0.05 *0.04S/0.049 0.054 
25-Jun-90 2.11 <0.05 O.OSl 0.109 3.2 
26-Jul-90 0.13 <0.05 0.079 0.114 3.0 , 
4-Sep-90 1.81 <0.05 0.060 0.054 2.2 ! 
Well Identification ! (0-4-4) 14cbb-l (R. Edwards) 
Well Depth Cft) 30 
! Finish (ft) Hand-du2 
Date N03-N N02-N NH4-N O. Phos T. Phos TOC 
m2/1 m2ll m2ll m2ll mltll m2l1 
6-Mar-86 2.26 <0.Q1 <0.05 0.100 0.100 
22-May-86 2.S3 <0.Q1 <0.1 0.080 0.090 
7-Aug-86 1.94 <0.01 <0.05 0.230 0.240 
13-Nov·86 0.98 <0.01 <0.05 O.OSO 0.080 
26-Feb-87 1.54 <0.Q1 <0.05 0.760 0.074 
19-May-87 2.86 0.D7 <0.05 O.llO 0.110 
12-Aug-87 1.30 <0.Ql <0.05 0.080 0.100 
16-Nov-87 1.62 <0.01 <0.05 0.100 0.070 
7-Mar-88 0.67 <0.05 0.200 0.200 
Il-May-8S 2.41 <0.05 0.070 0.070 
16-Aug-88 1.21 <0.05 < 0.005 0.070 
15-Nov-SS 1.67 <0.05 0.080 0.090 
18-Apr-89 "1.44 "<0.01 <0.05 *O.04S 0.089 
13-Jul-89 "4.090 *< 0.01 < 0.005 *0.111 0.104 
17-0ct-89 *1.280 *< 0.01 <0.05 *0.062 0.051 
Well Identification (D-4-4) 14ccc-1 (Charleston) 
Casing Depth (ft) 325 
Casin2 Finish (ft) Open End 
Date N03-N N02-N I NH4-N O. Phos T. Phos TOe 
mg/l mRll mgJl mg/l mgJl mg/l 
6-Mar-S6 1.96 <0.Q1 <0.05 0.020 0.030 
22-May-86 1.80 <0.01 <0.1 0.010 0.030 
7-Aug-86 1.73 <0.01 <0.05 0.020 0.030 
13-Nov-S6 1.74 <0.Q1 <0.05 0.020 0.030 
26-Feb-S7 1.S0 <0.01 0.11 0.021 0.029 
19-May-S7 1.S3 <0.01 <0.05 <0.005 0.060 
I 12-Aug-87 1.S2 <om <0.05 0.020 0.030 
Well Identification (0-4-4) 15ddd-l 
Casing Depth (ft) 79 
Casin2 Finish (ft) Screened 67-77 
Date N03-N N02-N NH4-N O. Phos T. Phos TOe 
mgJl m2l1 mgil mg/l mg/l mg/l 
30-Iul-90 1.56 <0.05 0.091 0.211 1.7 
14-Aug-90 0.12 <0.05 0.123 0.141 1.7 
28-Aug-90 3.27 <0.01 <0.05 0.136 0.175 1.9 
14-Sep-90 0.71 <0.05 0.143 0.158 1.5 
9-Oct-90 1.11 <0.05 0.113 0.120 1.1 
30-0ct-90 
14-Nov-90 
6-Dec-90 
:* Dissolved species 
""'_"f~ CUing Oepl.l\ (ft) 
C~ .. n~ finISh ( 
Date :l·S 
30-1111-90 1.17 
14-AIII'9O 0.11 
28.l\lIg·90 0.94 
14 ·Sep-9O o.n 
9·0<:t·90 0.76; 
30-0<:1·90 
14-!'ioy·90 
6-Dec·90 
Well Idcnufic:atioll 
Well Depl.l\ (Ct) 
F"lIIlsh ift) 
Date N03·N 
mltll 
6-M.u-36 1.91 
22·May-86 2..25 
1· A1I3' 86 1.01 
11-Noy-86 0.61 
26-Feb-87 0.96 
19-May-87 1.01 
12·Aug.!r7 0.92 
16-Noy·87 0.16 
1· Mar· SS 1.31 
11·May·88 1.48 
16.Al.lg·38 0.55 
IS·Nov·88 0.99 
18-Apr-89 *l.21 
13·11.11·89 ·1.44 
11·0<:1·89 ·0.93 
2S·11LQo90 0.94 
26-11.11·90 0.89 
4-Sep-9O 0.65 
Welltdenc.iuc:a.tioQ 
Cas ing Depth (Il) 
Casin2 Finish (CI) 
!;late N03·N 
ml!!l 
6·M.u·86 1.74 
n·May.86 1.54 
7.Aul·86 1.38 
I1-Noy·86 1.44 
26-Feb-87 1.58 
19·Ma)'.87 1.76 
12·Aug.87 1.15 
16-Noy·87 1.20 
7·M.u·SS 1.54 
11.May.88 1.68 
16·Allg·88 0.87 
IS-Noy·88 1.23 
l8-Ap .... 89 ·0.69 
13·1ul·S9 *1.59 
17·0ct·89 *l.14 
25· J 1111-90 1.19 
4-Sep-90 0.95 
Well IdenliilCatioll 
Cuing Depth en) 
Casin!! Finish (It) 
Date N03·N 
mill! 
6-Mar·86 2.18 
n.May·86 2.40 
lj·Noy·86 2.06 
19·May·87 2.23 
12·AIII·87 2.01 
16-Noy·87 2.19 
25·11111-90 2.67 
4-Scp-90 1.&1 
.. Dissolved species. 
~) ISddd-l 
30 
S=ed 18·28 
N02·N I NH4·N O. !'bee mltll mltll mltll 
<0.05 0.214 
<0.05 0.147 
<0.01 <0.05: 0.042 
<o.osl 0.096 
<o.os 0.031 
(0-4-4) 23bblH (1. 1~c:ob~a) 
21 
Ha.ad·du~ 
S02-N SH4·N O. !'bQII 
mltll mltll mltll 
<0.01 <0.05 0.170 
<0.01 < 0.1 0.110 
<om <0.05 0.410 
<om <0.05 0.175 
<0.01 0.06 !.SSO 
0.01 0.06 0.550 
om <0.05 O.ISO 
<0.01 <0.05 0.160 
<0.05 0.010 
<0.05 0.170 
<0.05 <0.005 
<0.05 0.150 
·<0.01 <O.OS *0.214 
·<0.01 <0.005 ·0.192 
.< 0.01 0.01 ·0.131 
<0.05 0.320 
<0.05 0.208 
<0.05 0.117 
(O-4-S) 6a:c·l (yI. Nelsoa) 
66 
Opell End 
N02·N NH4·N O. PbOi 
ml!!l mill! ml!!l 
<0.01 <0.05 0.060 
0.01 <0.1 0.030 
0.01 <0.05 0.040 
0.01 <0.05 0.040 
<0.01 <0.05 0.045 
<0.01 <0.05 0.030 
<0.01 <0.05 0.040 
0.02 <0.05 O.osa 
<0.05 O.OSO 
<0.05 0.020 
<0.05 <0.005 
<0.05 0.050, 
*<0.01 <0.05 *0.017: 
.< 0.01 <0.005 ·0.036 
·<0.01 0.09 .• 0.(2211),031 
<0.05 0.028 
<0.05 0.047 
(0-4.5) 1cad·l (Heber Aaport) 
155 
Open End 
N02·N NH4·N O. PboI 
m.vl m.vl ml!!l 
<0.01 <0.05 0.090 
0.01 <0.1 0.030 
0.01 0.08 0.040 
< 0.01 <0.05 <0.005 
<0.01 <0.05 0.020 
<0.01 <0.05 0.070 
<0.05 0.0Z7 
<0.05 0.03~ 
T. Phos 
t11l O. O. 
0.057 
0.040 
T. Pbos 
mltll 
0.170 
0.110 
0.430 
0.160 
0.134 
0.470 
O.ISO 
0.140 
0.080 
0.150 
0.310 
0.160 
0.3tS 
0.188 
0.108 
0.361 
0.214 
0.113 
T. PIlos 
mltl1 
0.060 
0.040 
0.050 
0.040 
0.039 
0.040 
0.060 
0.040 
O.osa 
0.030 
0.050 
o.OSO 
0.008 
0.044 
0.031 
0.046 
0.039 
T. PIloc 
mill! 
0.090 
0.050 
0.050 
0.060 
0.030 
0.050 
0.03S 
0.0%2. 
I 
Toe I 
mg(l 
2.0 
4.31 
0.8 
0.8 
0.1 
TOC 
mltl1 
4.0 
2.4 
2.2 
TOC 
ml!!l 
0.9 
<0.3 
TOC 
ml!!l 
1.0 
< 0.3 
97 
.... 
I ' 
I 
I 
!t 
il 
I' il 
II II 
11 I 
I: 
'I 
Well Casing Casing 
Identification Depth (ft) Finish (n) 
(0-3-4) 23daa-1 150 Perforated 100-150 
(0-3-4) 26dba-1 50 Opcn End 
(0-3-4) 33aad-1 140 
-
(0-4-4) 3ada-1 150 -
(0-4-4) l3ada-1 169 -
(0-4-5) 2acb-1 180 Perforated 85-180 
(0-4-5) 7daa-1 160 Perforated 140-160 
(0-4-5) 9bcc-1 275 Perforated 245-255 
(0-4-5) l1aaa-1 
-
-
(0-4-5) 14bbb-1 . . 
(0-4-5) 15bbb-1 265 Perforated 223-229 
(0-4-5) 16bca-l 400 Perforated 100-400 
(0-4-5) 17bcb-2 
- -
(0-4-5) 17dda-1 . 
-
(0-4-5) 18ccc-l 200 Perforated 168-200 
'0-4-5) 21 ndb-l 160 . 
. " 
Oate 0-N03N02-N 0-NH3-N 
mg/1 1lIg/1 
14-Jun-89 0.40 < O.H) 
14-Jun-89 2.40 0.02 
14-Jun-89 1.50 0.02 
13-Jun-89 1.20 o.m 
12-Jun-89 1.80 <0.01 
I-Jun-89 2.40 0.0 I 
12-Jun-89 2.10 0.01 
I-Jun-89 2.00 o.m 
I-Jun-89 2.00 0.02 
31-MlIy-89 2.90 0.02 
I-Jun-89 2.20 OJ)J 
I-Jun-89 1.30 0.02 
13-Jun-89 1.40 < 0.01 
12-Jun-89 0.21 om 
12-Jun-89 0.67 < 0.01 
12-Jun-89 0.65 0.02 
0-0. Phos 
mp;/I 
<0.0) 
0.D3 
0.02 
<0.01 
0.02 
(Ull 
0,02 
o.os 
0.(13 
0,12 
0.04 
O.QI 
< 0.01 
«WI 
«1.01 I 
<0.01 
\0 
00 
! 
LOcation Wastewater Treatment Plnnt CeI! ilL- _ 
Dale N03-N N02-N NU3-N O. Phos T. Phos TOC CII CI 
mgf\ mg/l mlUl ml/l ml/l m~!l m~1I 1lI~1I 
1O-May-89 0.81 9.38 4.714 QO 120 
6-Mar-90 AI.86 AI3.8 A5.flO2 1'82 A 106 
6-Mar-90 0.3 14.7 5.269 3.204 
lO-Apr-90 1.0 9.33 4.794 5.11)4 
Location Wastewater Treatment PI am Cell 1/2 
Date N03-N N02-N NlD-N O. Phos T. Phos TOC Ca CI 
mg/l mg{\ m..&ll mlUl mg/l mlUl mlUl lng/I 
lO-May-89 1.28 4.32 3.863 4.890 1I0 94 
Location Sewer Fann.Cllnal ... 
---
Date N03-N N02-N NH3-N O. Phos T. Phos TOC Ca Cl 
mg/I mlUl mlUl mg{\ mg/l mg{\ mg{\ mg{\ 
26-Apr-90 0.86 <0.05 0.077 0.065 
14-May-90 0.12 <0.05 0.054 0.108 4.1 
I-Jun-90 1.12 <0.01 <0.05 0.047 4.4 22 4.5 
A Sample was not preserved. 
--
K Mg Na 
1lIl!/1 Illg11 mgll 
12 28 
All A23 A 100 
----
K Mg Na 
ml!/I mgl\ mgl\ 
12 28 
K Mg Nil 
mg{\ mg{\ mg{\ 
5 6 
S04 
mg/l 
170 
"110 
SO'I 
mgtl 
HiO 
S04 
mg/l 
JO 
--~"- '" - .. ~., .. .. 
.. -.~-- -TDS T. Alk. pll 
1!!lllL 1ll~1\ 
-
334 
7.271 
1 
- ----_. 
TDS T. Alk. pll 
Illgl\ Illg/1 
302 
TDS T. Alk. pI! 
mJUI mg{\ 
--
102 7.75 
...0 
...0 
Til 
LoclIIion WaS!.eWalel Trcalmenl Plan I Cell III al IlIlel SlruclUre 
Date Noi::N NH3-N O. !'bos T. !'bos Ca a K Mg N" S04 Alk. pH 
mW! mW! mW! mg/! mW! .. mW! mR/1 mR/1 mR/1 mR/1 ",R/I 
.. -
25-Jall-88 23.60 
24·Pch-88 25.40 
31-Mat·88 26.80 
29·Jun·88 19.00 
27·Jul·S8 19.50 
22-Sep-88 23.90 
18-Oct·S8 17.00 
IS-Nov-88 25.10 7.85 
29-Dce·81 25.60 8.35 
19·Jan·89 22.60 5.25 
I6-Peh-89 27.80 8.10 
28-Mat-19 11.80 2.55 
18·Apr·89 23.90 5.15 
IO-May-89 13.70 3.10 
IO-May-89 0.81 9.38 4.714 QO 120 88.5 12 28 110 334 
29·Jun-89 19.10 5.40 
31-Jul·89 26.lC 6.05 
27-Scp-89 28.30 7.(:1.) 
30-OcI-89 34.60 8.85 
29-Nov-89 30.60 7.95 
29-Jan-90 25.90 5.20 
20-Pch-90 19.50 6.15 
6-Mar-90 "1.86 "13.8 "S.OO2 "82 "106 "II "23 "100 "110 7.27 
6-Mar-90 0.32 14.1 5.269 3.204 
27-Mar-90 24.50 6.15 
100Apr·90 I.C 9.33 4.794 5.104 
24-Apr-90 24.10 6.20 
30-May-90 17.90 4.90 
2S-Jun-90 9.60 5.10 
23·Jul-90 21.50 5.90 
30-Sep-90 21.70 6.70 
30-0cl-90 _ 31.70 8.40 __ 
-
.--
Location 
. _~~ _ Wastewater Trearmcnl PIMI Cell 112 
Date N03-N NII3-N O. !'bos T. Phos ~n~ K J=~Na S04-pAlk.~~1I mR/1 mR/1 mwl mg/I ml·.IIl I _~. In I 109/I. m!llL II!~L. _ 
10-May-S9 \.281 4.321 3.8631 4.890 -.l10 94 12 _ 2H _ _ I 160 302 
" Sample was nol preserved. 
I-" 
o 
o 
.~" 
L.ocation 
nale N01-N NH1-N O. Phos 
------
ml!ll ml!ll ,~ 
ll-Mar-88 12.40 
29-JWI-88 1.00 
22-Sc:p-88 1.46 
IS-Oct-88 1.8C 
IS-Nov-88 7.45 
29-Dc:c-88 10.80 
18-Apr-89 4.2C 
lo..May-89 0.6C 
ll-JIII-89 0.6C 
27-Sep-89 0.65 
10-OcI-89 1.20 
27-Mar-9() 12.10 
)O-Scp-9() 7.20 
30-OcI-9() 4.80 
Location 
Date N03-N NH3-N O. Phos 
ml!ll ml!ll rnl!ll 
13-JIII-89 -4.30 0:14 1.68 
27-1111-88 0.85 
27-JIII-89 -2.09 0.54 1.41 
29-111a-89 4.20 
9-Sep-89 ·0.61 0.46 1.09 
29-Nov-89 0.15 
24-Apr-9tl 2.95 
3o..May-9~ 10.80 
25-Jlln-9C 7.40 
23-Jul-9~ 2.00 
• Includes niuale-N and nilrile-N. 
fl!' 
T. Pho. Ca 
ml!ll my I 
4.55 
7.00 
4.2C 
2.65 
1.75 
3.4C 
4.2C 
5.25 
5.60 
4.85 
T. Phos Ca 
rnl!ll mg/I 
2.06 
2.03 
5.15 
2.00 
1.80 
2.25 
5.10 
3.15 
3.05 
Wastewaler "frealment Plant Cell "3 
a K M& Na 
... :--- -- .. ---- .. - _._-
S04 'r. Alk. Sr. Coo. pH 
m&fl mgll mg/I rog/I mg/I mg/I umbos. 
Wastewater "frcalmcnt Planl Cell 1114 _.__ ~._. _.~ ... 
a K Mil. Na S04 . Alk. Sp. Con. pll 
ml!ll ml!ll my I m&fl mj!J1 mi!ll IImhos 
71.0 110 252 917 1.S 
95.2 130 264 1041 8.2 
95.9 130 272 ~l.~ 
-;'~,'e*'t'!"t~'J: 
t-' 
o 
t-' 
